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ABSTRACT 
 
Ecology, evolution, and sexual selection in the invasive, globally distributed small Indian 
mongoose (Urva auropunctata) 
 
By M. Aaron Owen 
 
Advisor: Dr. David C. Lahti 
 
Introduced species provide rare opportunities to test evolutionary hypotheses in situ by creating 
so-called natural experiments. Natural experiments are situations in nature that resemble 
laboratory studies by allowing for comparisons of a “control” group (i.e., a species’ native range) 
with “experimental” groups (i.e., a species’ introduced range). In particular, introduced animals 
allow us to investigate evolutionary dynamics in complex, long-lived organisms in ways that 
would otherwise be impossible in a laboratory setting. One such introduced animal is the small 
Indian mongoose (Urva auropunctata, formerly Herpestes auropunctatus). Native to South Asia, 
the small Indian mongoose’s introduction to more than 70 mostly tropical island locations 
worldwide represents an excellent natural experiment: the dates of introduction and numbers 
introduced are well documented, most locations of introduction are reproductively isolated from 
each other and thus provide numerous experimental replicates, and most introduced populations 
have been reproducing for at least 200 generations. In its introduced range, the small Indian 
mongoose is released from interspecific competition and predation, and as a result, it has become 
densely populated and highly invasive. In fact, the IUCN named it one of the 100 worst invasive 
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species on the planet. Consequently, the vast majority of the literature on this species is devoted 
to understanding its ecological impacts on local biodiversity. In contrast, however, relatively 
little is known of its ecology and natural history in its native range where, in some regions, it is 
protected. Lacking entirely, for instance, are data pertaining to the operation of sexual selection 
and its mate choice behavior. Finally, while four studies have investigated evolutionary changes 
that small Indian mongooses have undergone since introduction, only one has investigated 
adaptive changes, and this study mistakenly included individuals of a separate species in its 
analysis, leaving its results and conclusions uninterpretable. In this dissertation, I present an 
exhaustive review of the available literature on the small Indian mongoose (Chapter 1), report on 
the first quantitative natural history data ever collected in its native range (Chapter 2), identify, 
for the first time in this species, features under sexual selection (Chapter 3), and, taking 
advantage of its natural experiment, demonstrate the rapid adaptive evolution of two of its 
sexually selected traits (Chapter 4). 
 In Chapter 1, I review literature on all ecologically relevant information of the small 
Indian mongoose including, their taxonomy; native and introduced ranges, and history of 
introduction; basic biology; impacts as an invasive species, including their status as a failed 
biological control, the local species they have impacted, the various management efforts around 
the globe, and their role in disease transmission; and finally, their use as an evolutionary model 
system.  
 In Chapter 2, I collect basic morphological measurements of small Indian mongooses 
from several populations in their native range in northern India. I also radio-collared and tracked 
17 individuals for several months, and estimate that home ranges sizes in the native range are 
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comparable to, though generally smaller than, estimates in the introduced range. I also find that 
small Indian mongooses prefer areas of human habitation and avoid forested and open areas.  
 In Chapter 3, I report on an investigation of the small Indian mongoose on the island of 
Hawaii. I conclude that the anal pad, their scent-marking tool, is a sexually selected trait in 
males, as indicated by its high male-biased sexual size dimorphism, and its condition-
dependence and positive relationship with body size in males, but not females. From these 
results, I infer that males likely use scent as a sexual signal.  
 Finally, in Chapter 4, in an effort to understand how sexually selected traits change after 
becoming established, I collect similar morphological data to those collected in Chapter 2 and 
Chapter 3 from three additional areas of introduction, Jamaica, St. Croix, and Mauritius. I then 
compare these data together with those collected from the island of Hawaii, to data from the 
native range in India. I find that male, but not female, anal pads decreased in size according to 
time since introduction, and its relation to body size and condition weakened. In addition, I find 
that testis size increased after introduction. My results suggest an inversion in the relative 
contributions to fitness of two sexually selected traits in males, demonstrated by the rapid 
evolution of these features after introduction. Thus, I conclude that, relative to the native range, 
the increased encounter rates on islands of introduction (due to the markedly denser populations) 
have relaxed sexual selection on scent marking in males, but intensified sperm competition. 
My findings demonstrate that the fitness of sexually selected traits, like any other traits under 
natural selection, is determined by environment in which the traits are expressed. 
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CHAPTER 1 
The small Indian mongoose (Urva auropunctata): a globally distributed invasive species 
 
ABSTRACT 
The small Indian mongoose (Urva auropunctata, formerly Herpestes auropunctatus) has been 
introduced to dozens of mostly tropical island locations around the world to control agricultural 
pests. However, its opportunistic dietary generalism, together with its release from interspecific 
competition and predation in these locations, has led to it being named as one of the 100 worst 
invasive species on the planet. As such, the literature on the small Indian mongoose is heavily 
dominated by studies of introduced populations. In contrast, relatively little is known about its 
ecology and natural history in its native range where, in some regions, it is protected. 
Additionally, its introduction history creates a rare, and relatively untapped, opportunity to test 
evolutionary hypotheses. In this exhaustive review, I compile the ecologically relevant literature 
on the small Indian mongoose, including their taxonomy; native and introduced ranges, and 
history of introduction; basic biology and comparisons of these data collected from the native 
and introduced ranges; impacts as an invasive species, including their status as a failed biological 
control, the local species they have impacted, the various management efforts around the globe, 
and their role in disease transmission; and finally, their use as an evolutionary model system. 
 
INTRODUCTION 
The small Indian mongoose (Urva auropunctata) is most widely known for its status as an 
invasive species. An example of a failed biological control agent, since 1872 it has been 
introduced from South Asia to more than 70 mostly tropical island locations where it has 
 2 
wreaked havoc on local biodiversity and served as a reservoir for transmissible diseases (Espeut 
1882; Nellis and Everard 1983; Hays and Conant 2007; Barun et al. 2011a). The small Indian 
mongoose has been implicated in the population declines, island extirpations, and even 
extinctions of dozens of species, many of which are endemic. For its role as a major pest, it has 
been the subject of more than 100 scientific and governmental publications, with the majority of 
this literature describing data collected in their introduced range. However, relatively little is 
known about them in their native range. Over the last several decades, reviews have summarized 
different aspects of the small Indian mongoose, including its basic biology (Baldwin et al. 1952; 
Pimentel 1955a; Nellis and Everard 1983), impacts on biodiversity (Nellis and Everard 1983; 
Hays and Conant 2007; Watari et al. 2008; Barun et al. 2011b; Cirovic et al. 2011; Lewis et al. 
2011), role in disease transmission (Nellis and Everard 1983; Townsend and Powers 2014; 
Berentsen et al. 2015), and the varied eradication and management attempts around the world 
(Barun et al. 2011a). Furthermore, within the last few years, new information regarding their 
basic biology and natural history in their native range (Chapter 2), their mate choice behavior 
and associated traits (Chapter 3), and both past and contemporary evolutionary history (Chapter 
4) has been discovered. Here I review the available literature on this species.  
 
TAXONOMY 
The small Indian mongoose belongs to the family Herpestidae, which is comprised of 18 genera 
and 37 species (Veron et al. 2004). Originally, all mongoose species were classified under 
Viverridae, but studies from the last quarter of the 20th century confirmed the assertion of 
Gregory and Hellman (1939) that mongooses should be considered a separate family (Nellis and 
Everard 1983).  
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Historically, the small Indian mongoose has been identified by several taxonomic names. 
Originally described by E. Geoffroy Saint-Hilaire (1818), Hodgson (1836) named the small 
Indian mongoose Mangusta auropunctata. Pocock (1937) revised the name to Herpestes 
javanicus auropunctatus and Ellerman and Morrison-Scott (1951) referred to the species as H. 
auropunctatus auropunctatus. From the 1950s to the early 1990s, studies referred to small Indian 
mongooses almost exclusively as H. auropunctatus. In the 1990s, a switch was made to refer to 
them as H. javanicus, though some studies continued to still use H. auropunctatus. This 
nomenclature prevailed until a phylogenetic analysis using mitochondrial DNA by Veron et al. 
(2007) demonstrated that the then-understood distribution of the small Indian mongoose (see 
“Distribution” below) incorrectly included two distinct species with non-overlapping 
distributions, the small Indian mongoose and the larger Javan mongoose, for which Veron et al. 
(2007) suggested the taxonomic designations of H. auropunctatus and H. javanicus, respectively. 
Patou et al. (2009) confirmed this distinction using both mitochondrial and nuclear DNA. 
Further, due to the paraphyly of the Herpestes genus (Veron et al. 2004), coupled with the facts 
that Asian mongoose species exhibit “relative morphological homogeneity, a geographical unity, 
and strong molecular evidence for their monophyly,” Patou et al. (2009) suggested that all Asian 
Herpestes be referred to by a new genus, Urva. Within the last 10 years, publications have 
referred to the small Indian mongoose as H. auropunctatus, H. javanicus, and Urva 
auropunctata. Following Patou et al. (2009), I will refer to the small Indian mongoose as Urva 
auropunctata and all other Asian Herpestes as Urva. 
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DISTRIBUTION 
Native range 
Prior to the taxonomic separation of U. auropunctata and U. javanica, the native distribution of 
the small Indian mongoose was thought to extend as far west as Iraq, through central Asia, 
including central and northern India and southwestern China, and into Southeast Asia, with an 
eastern boundary of Malaysia and Java (Nellis 1989; Simberloff et al. 2000). However, Veron et 
al. (2007) and Patou et al. (2009) suggest that U. auropunctata and U. javanica are likely 
allopatric with respective distributions meeting, but not overlapping, somewhere in Myanmar. 
Thus, the updated and current eastern border of the small Indian mongoose and western border of 
the Javan mongoose meet at this barrier, likely the Salween River. To date, the small Indian 
mongoose’s native range is thought to include the following countries: Afghanistan, Bangladesh, 
Bhutan, India, Iran, Iraq, Jordan, Myanmar, Nepal, Oman, Pakistan, and Saudi Arabia (Gilchrist 
et al. 2009). Small Indian mongooses may also be found in southern and western China, though 
this is not confirmed (Veron et al. 2007; Gilchrist et al. 2009; Patou et al. 2009). 
 
Introduced range 
The introduction history of the small Indian mongoose is well documented (Hoagland et al. 
1989; Hoagland and Kilpatrick 1999; Simberloff et al. 2000; Yamada and Sugimura 2004; 
Thulin et al. 2006; Hays and Conant 2007). In an exhaustive survey of its current non-native 
distribution, Barun et al. (2011a) show that it is found on 64 islands and the mainland of South 
America (Guyana and Suriname) and Europe (Croatia, Bosnia and Herzegovina, and 
Montenegro). Since the publishing of this survey, no new introductions are known to have 
occurred.  
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The reason for the small Indian mongoose’s extensive introduced range is its revered 
prowess of clearing pests, including rodents and snakes, from gardens, homes, and agriculture 
(Espeut 1882; Baldwin et al. 1952; Lodrick 1982; Nellis and Everard 1983; Hays and Conant 
2007). Sugarcane was the most lucrative agricultural crop of the Caribbean beginning in the 16th 
century (Fitzpatrick and Keegan 2007), but issues with rats plagued sugar planters. Attempts to 
control rats using other organisms, including the ant Formica omnivora from Cuba, cane toads 
(Rhinella marina), and ferrets (Mustela putorius furo), ultimately failed (Nellis and Everard 
1983). Then, in the last quarter of the 19th century the small Indian mongoose was introduced 
from an unknown location in India to Trinidad in 1870 (Urich 1914). This first introduction of 
small Indian mongooses to the New World also failed, as these individuals reportedly did not 
survive (Nellis and Everard 1983; Hoagland et al. 1989; Simberloff et al. 2000; Hays and Conant 
2007). However, two years later on February 13th, 1872, William Bancroft Espeut imported nine 
adult small Indian mongooses (four males and five females, one of which was pregnant) from 
Calcutta, India to Portland, Jamaica (Espeut 1882; Hoagland et al. 1989). These individuals were 
released on Espeut’s sugarcane plantation, Spring Garden Estate, and within a few months, 
adults and juveniles were found throughout the estate and surrounding areas (Espeut 1882; 
Hoagland and Kilpatrick 1999). According to Espeut (1882), additional importations of small 
Indian mongooses occurred on Jamaica, but none of these individuals survived. Small Indian 
mongooses were trapped on Espeut’s estate and sold to other plantations around Jamaica, and 
eventually, individuals from Jamaica were sold to several other islands of the West Indies. 
Within 30 years of importation to Jamaica, small Indian mongooses were found on all Caribbean 
islands with a major sugar industry (for full list and known years of introduction see Hoagland et 
al. 1989). In 1900, an unknown number of individuals was introduced to Suriname via Barbados, 
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and Martinique and St. Lucia via Jamaica to control the venomous fer-de-lance (Bothrops asper) 
(Nellis and Everard 1983; Hoagland et al. 1989; Hays and Conant 2007). The small Indian 
mongoose also reportedly made its way to Guyana and French Guiana (Nellis 1989; Hays and 
Conant 2007) though Barun et al. (2011a) dispute that they ever dispersed or were imported to 
French Guiana. On mainland South America, they appear limited to the coastal regions bound by 
swamp and rainforest (Nellis and Everard 1983; Hays and Conant 2007). 
 The small Indian mongoose also has an extensive introduced range outside of the West 
Indies. After a failed introduction in 1870, it was introduced to the Fijian Island, Viti Levu in 
1883 (Simberloff et al. 2000) where it was subsequently introduced to 12 other Fijian Islands 
(Barun et al. 2011a). Some discrepancy exists, however, regarding the origin of the founding 
propagule. Gorman (1975) stated that the founding small Indian mongooses on Viti Levu 
originated from Jamaica, and this statement has been cited in the past (Hoagland et al. 1989; 
Hays and Conant 2007). However, other studies cite that Gorman, through personal 
communication, states that a single mixed-sex pair was first introduced to Fiji from Calcutta, 
India, and not Jamaica (Simberloff et al. 2000; Thulin et al. 2006). Complicating the situation 
further, Thulin et al. (2006) demonstrate that the genetic diversity of small Indian mongooses 
found on the Fijian islands is too great to have come about without additional introductions (see 
“An evolutionary model system” below).  
Also in 1883, the Hilo Planters’ Association imported 72 small Indian mongooses from 
Jamaica to the island of Hawaii (Simberloff et al. 2000; Hays and Conant 2007). In 1885, a 
second large group from Jamaica was released on the island, and the offspring of both of these 
introductions were distributed to three additional Hawaiian Islands, Maui, Molokai, and Oahu 
(Simberloff et al. 2000). A crate of small Indian mongooses was also to be delivered on Kauai, 
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but apparently this crate was lost at the dock before shipment (Hays and Conant 2007). An 
additional shipment was also sent to the island of Molokai, Hawaii at a later date (Hays and 
Conant 2007). 
 According to Cheke (1987), an introduction of an unknown mongoose species occurred 
on Mauritius during the mid 1800s, but did not become established. In 1900, however, 16 male 
and three female small Indian mongooses were introduced from an unknown location in India 
(Simberloff et al. 2000). Roy et al. (2002) claim that the date of introduction is actually 1902. 
In 1910, six males, six females, and five individuals of unknown sex were introduced 
from what is now Bangladesh to Okinawa, Japan in an effort to control invasive rats and native 
venomous snakes (Kishida 1931; Abe et al. 1991). In 1979, small Indian mongooses from 
Okinawa were introduced to Amami-Ohshima, Japan as well (Yamada and Sugimura 2004; 
Watari et al. 2008). 
 Small Indian mongooses have also been introduced to Adriatic Europe. In 1910, seven 
males and four females, likely from western India, were introduced to Mljet Island, Croatia 
(Tvrtkovic and Krystufek 1990), where they spread to other Croatian islands (Korćula, Hvar, 
Čiov, and Škrda), and onto the mainland of Croatia, Bosnia and Herzegovina, and Montenegro 
(Barun et al. 2010; Barun et al. 2011a; Cirovic et al. 2011). In 1926, approximately 100 small 
Indian mongooses were imported from Croatia to Venezuela, but apparently these individuals 
did not become established (Tvrtkovic and Krystufek 1990; Hays and Conant 2007) 
 Finally, mongooses of one or more unknown species were introduced to Australia (Hays 
and Conant 2007). According to Peacock and Abbott (2010), the earliest record of mongooses in 
Australia was in 1855; however, these individuals were brought by the British as pets. In 1883 
and 1884, more than 1000 individuals were brought to Australia in an attempt to control the 
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invasive European rabbit (Oryctolagus cuniculus). Peacock and Abbott (2010) posit that multiple 
species of mongoose were probably imported for this biological control effort and that the small 
Indian mongoose was likely among them. Yet, while the timing of importation to Australia 
coincides well with that of the West Indies (Espeut 1882), they conclude that the principal import 
was likely the grey mongoose (U. edwardsii) due to its overrepresentation in Australian 
museums. Whatever species were introduced, however, did not become established as no 
mongooses are found on Australia today. 
 
BIOLOGY 
The vast majority of the available data on the small Indian mongoose (hereafter mongoose) were 
collected in introduced locations, thus these data must be regarded with caution as representative 
of the species as a whole. Of the studies published from the native range, most pertain to 
sightings in the wild or anatomy and physiology, while a few include ecological and behavioral 
data.  
 
General characteristics 
The mongoose is thought to be entirely diurnal, sleeping in tree stumps, rock crevices, or self-
dug burrows at night (Nellis and Everard 1983; Hays and Conant 2003; Chapter 2). They have, 
however, been caught on camera traps visiting iguana dens in Jamaica in the middle of the night 
(B. Wilson, pers. comm.). Their slender body frame and narrow, pointed snout facilitate digging, 
burrowing, and foraging in tight spaces (Baldwin et al. 1952; Nellis and Everard 1983). Their 
claws are not retractable (Baldwin et al. 1952). Though it has short legs, the mongoose is capable 
of jumping and climbing (Baldwin et al. 1952; Nellis and Everard 1983). From afar, it has an 
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overall olive-brown appearance, but its individual hairs are alternating shades of dark and light 
brown. 
The mongoose is the smallest of the Urva (Nellis 1989). Globally, males are larger than 
females and sexual size dimorphism (SSD) exists in all morphological characteristics (Table 
A1), though the degree of dimorphism varies both by location and trait (Chapter 4; Table A2). 
The majority of the differences between the sexes are isometric (Chapter 4; Table A2). Chapter 2 
is likely the only study to date with accurate morphological data for the native range (see below). 
Chapter 2 (Table A1.1) shows that males average 559 g in mass and 578 mm in total length 
while females average 385 g in mass and 512 mm in total length. In areas of introduction, mass 
and body length values are generally higher, but statistical comparisons have only been 
performed in a few locations (Chapter 4; Figure A1; Table A2). Data collected from across the 
introduced range show that mean mass for males is generally between 650 and 700 g with a 
mean total body length between 580 and 627 mm and for females mean mass is between 430 and 
480 g with a mean total body length between 515 and 564 mm (Nellis and Everard 1983; Nellis 
1989; Abe et al. 1991; Creekmore et al. 1994; Hays and Simberloff 2006; Table A1). In Puerto 
Rico, Vilella (1998) reported unusually large mean masses for both males (834 g) and females 
(493 g). The tail is slightly more than 40% of the mongoose’s total length (Table A1), and it can 
store up to seven times the fat per mass relative to the body (Nellis and Everard 1983). 
In a study aimed at understanding male reproductive physiology, Mahmood et al. (2015) 
captured 15 males in Potohar Plateau in northern Pakistan. However, based on their 
morphological measurements, the animals they measured were almost certainly not small Indian 
mongooses. Excluding two juveniles (mass < 170 g), mean mass was 898 g, ranging from 805 to 
1129 g with one individual weighing 479 g. Mean total body length was 635 mm, ranging from 
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534 to 762 mm. These mean values are well above not only the native range estimates of Chapter 
2 (Table A1.1), but also of every published study in the introduced range. Additionally, reported 
testis mass of Mahmood et al. (2015) averaged 4.3 g with a range of 3-7 g. Figure A2 shows that 
for males in St. Croix, mean testis mass is 2.12 g, with a maximum of 3.3 g, and these data were 
taken in July when testis size is expected to be at its maximum of the year (see “Reproduction 
and development” below). Further, Chapter 4 (Figure A1; Table A2) shows that testis size is 
significantly smaller in the native range than in introduced locations. In its native range, the 
mongoose is in competition with and is predated upon by reptiles, raptors, and other carnivores; 
however, they are released from these ecological pressures in their introduced range (Simberloff 
et al. 2000; Hays and Conant 2007; Chapter 4), and this situation predicts that species are able to 
assume a wider niche, typically manifesting as an increase in size (Brown and Wilson 1956; 
Grant 1972; Okuzaki et al. 2015). Results from Chapter 2 and Chapter 4 are in line with these 
predictions; the reported measurements of Mahmood et al. (2015) are not. Further, several 
typographical errors are evident in their tables. For example, one individual is stated as being 
571.5 mm in total body length but weighing only 123 g. Additionally, several total body length 
measurements are identical, a highly improbable phenomenon. The only other species of 
mongoose found in Pakistan is the larger grey mongoose, and thus perhaps Mahmood et al. 
(2015) confused the two species. Based on a limited sampling of data for the grey mongoose in 
part of its native range in India, however, this is also unlikely. Table A1.11 shows that for five 
male grey mongooses in India, average mass is 1.65 kg and average total body length is 807 mm. 
For these reasons, the data from Mahmood et al. (2015) should be viewed with caution until 
additional data become available. 
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The mongoose’s chromosomal makeup represents a peculiar phenomenon: females are 
diploid at 2n = 36, but males have an odd number of chromosomes at 2n = 35—they are missing 
the Y chromosome (Fredga 1965). Raman and Nanda (1982) suggested that the Y chromosome 
had translocated to chromosome 9, but recently, Murata et al. (2016) discovered Y-linked genes 
on to the X1 chromosome, concluding that the Y chromosome had translocated there. 
 
Reproduction and development 
Mahmood et al. (2015) is the only study to investigate any aspect of the reproductive physiology 
of the mongoose in its native range. Due to seasonal changes in the concentrations of 
testosterone, follicle stimulating hormone, and luteinizing hormone, they conclude that the 
mongoose breeds twice a year, once between February and April, and again between July and 
September. As stated above, however, based on their reported morphological measurements, the 
species Mahmood et al. (2015) were investigating is unlikely to be the small Indian mongoose. 
 Peak breeding in introduced locations reportedly occurs between February and August, 
but sometimes also into November (Pearson and Baldwin 1953; Gorman 1976b; Nellis and 
Everard 1983). Male reproductive physiology generally follows this cycle: testes begin to 
enlarge after the winter solstice, and between February and July, the testes and thyroid, adrenal, 
and prostate glands are at their largest, and concentrations of luteinizing hormone and follicle-
stimulating hormone are at their highest (Soares and Hoffmann 1982). Females have a four-day 
estrus at 20-day intervals (Asdell 1964) and a gestation period of approximately 49 days (Nellis 
and Everard 1983). While number of litters produced per year in the wild has not been 
determined with certainty (Hays and Conant 2007), males produce sperm year-round (Pearson 
and Baldwin 1953), ovulation is induced by copulation (Pearson and Baldwin 1953; Asdell 
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1964), and females exhibit postpartum estrus and are capable (at least in captivity) of producing 
litters in four-month intervals (Nellis and Everard 1983). Thus, it is no surprise that pregnant 
females can be found in all months of the year (Nellis and Everard 1983; A. Berentsen, pers. 
comm.). Trapping mongooses in Grenada over a three-year period, Nellis and Everard (1983) 
found that the frequency of pregnant females trapped peaked three times each year (between 
February and November), with the peaks being slightly shifted each year. Together, these 
observations suggest that, at least in its introduced range, the mongoose may not actually have a 
set breeding season, and instead, females may simply mate immediately after weaning. 
 Mean litter size varies by location, but is generally between 2.1 and 2.7 (Pearson and 
Baldwin 1953; Pimentel 1955a; Asdell 1964; Nellis and Everard 1983; Abe et al. 2006). Few 
data are available regarding the sex ratio at birth, but from 30 offspring weaned in the laboratory 
on Trinidad and St. Croix, Nellis and Everard (1983) found that the sex ratio was male-biased at 
1.2:1. Several studies have demonstrated a male-biased sex ratio for adults (Baldwin et al. 1952; 
Pearson and Baldwin 1953; Tomich 1969; Nellis and Everard 1983; Coblentz and Coblentz 
1985; Vilella 1998; Hays 1999; Roy et al. 2002; Quinn and Whisson 2005; Owen and Lahti 2015 
(Chapter 3); Chapter 2; Chapter 4; Table A1), while others have shown either no bias (Hoagland 
et al. 1989) or a female bias (Pitt et al. 2015; Chapter 4; Table A1.3; A1.4). Several researchers 
have suggested, however, that these male-biased sex ratios are more likely artifacts of removal 
trapping than reflections of the actual sex ratios, as males have larger home ranges and travel 
greater daily distances than females (see “Social system and movement patterns” below).  
Nellis and Everard (1983) observed an unspecified number of births and weanings of the 
offspring of captive-born or semi-tame mongooses. Corroborating earlier studies, they found that 
sexual maturity occurs between four and six months for males and at approximately six months 
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for females, though the age of one pregnant female was estimated at four months (Pearson and 
Baldwin 1953; Tomich and Devick 1970). Weaning takes place between six and eight weeks of 
age, and the young leave the den around four weeks, following their mother on hunting trips 
around six weeks. Offspring stay with their mother until sexual maturity or until she gives birth 
to another litter.  
Hays (1999) concluded that both sexes exhibit natal dispersal. Examining three years of 
removal trapping by local animal control on the islands of Hawaii and Oahu, he found that 
female capture frequency peaked between the months of September and December, a time period 
immediately after the peak breeding period. Male capture rate showed a similar peak during this 
period, but a second, higher peak was also found between the months of January and March. 
Hays (1999) suggested that this second peak in male capture rate might be related to mate 
searching. Gorman (1979) concluded that the mongoose is sedentary, however, at least as an 
adult. In a 29-month capture-mark-recapture study on Viti Levu, Fiji, he found that while males 
moved greater distances than females, no difference in average distance travelled between 
successive captures was found for either sex. 
 
Habitat preference and population densities 
The mongoose’s native range spans a wide spectrum of climatic zones including montane, humid 
subtropical, semi arid, and arid regions. Only two studies have directly investigated the 
mongoose’s habitat preferences and only one estimated its population density in the native range. 
In Potohar Plateau, Pakistan, based on approximations of active vs. inactive burrows in 
combination with direct and indirect sightings, footprint counts, and scat collections, Mahmood 
et al. (2011) concluded that mongooses preferred areas of human habitation, specifically poultry 
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farms and croplands, to areas of wild, non-cultivated land. They estimated population densities to 
be between 0.083 and 0.085/ha. Chapter 2 generally corroborates these results. In this study, nine 
radio-collared individuals, five males and four females, were tracked in the village of 
Chandrabani outside the northern Indian city of Dehradun, roughly 800 km south of Potohar 
Plateau. Using a compositional analysis, Chapter 2 shows that mongooses spend most of their 
time moving between refuse-littered roads and the scrublands between buildings and farms; they 
were rarely found in forested areas. Several individuals were found sleeping in burrows dug 
underneath neighborhood trash heaps or in naturally formed crevices.  
In its introduced range, consisting mostly of tropical islands, the mongoose can be found 
in virtually every habitat type available: grassland, agricultural land, desert scrubland, seacoasts, 
riparian regions, steep terrain, rocky cliffs, and urban areas (Baldwin et al. 1952; Seaman 1952; 
Pimentel 1955a; Nellis and Everard 1983; Hoagland et al. 1989; Vilella 1998; Hays and Conant 
2007). Chapter 4 compiles the mongoose’s reported population density estimates. Overall, mean 
population densities range between 4.32 and 5.51/ha. These estimates are between 51 and 66 
times denser than the native range, and are among the highest population densities in the 
Carnivora (Hays and Conant 2003). These estimates vary markedly both within and across 
introduced locations; however, much of this variation likely stems from the inconsistent use of 
density estimation methods employed by different studies. 
Despite thriving in these tropical locations, many have suggested that the mongoose 
prefers dry areas (Baldwin et al. 1952; Seaman 1952; Pimentel 1955a) with some going so far as 
stating that it avoids leaving its burrow in the early morning dew or during the rain (Nellis and 
Everard 1983). However, this may be circumstantial. In Hilo, HI, over the span of eight days 
(123 trap days) in which rain fell at least once per day, Owen and Lahti (2015, Chapter 3) caught 
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59 mongooses. Consistent with data from the mongoose’s native range, early habitat preference 
estimations in the introduced range suggested that the mongoose avoided forested areas (Baldwin 
et al. 1952; Seaman 1952; Pimentel 1955a). While this statement is overall untrue, mongoose 
densities do tend to be lower in forested areas than in others (Vilella 1998; Roy et al. 2002 but 
see Hoagland et al. 1989). Nellis and Everard (1983) suggest overcrowding in dry areas might 
force individuals to disperse to the less-desired forests. Quinn and Whisson (2005) show that 
mongoose densities are higher in areas of human habitation, corroborating studies from the 
native range that suggest that the mongoose favors areas with access to anthropogenic food 
sources (Mahmood et al. 2011; Chapter 2; Chapter 4). 
 
Social system and movement patterns 
The mongoose is categorized as having a solitary social system as individuals are rarely observed 
together, with the exception of mothers with their offspring (but see below) (Pimental 1995a; 
Gorman 1979; Nellis and Everard 1983; Mahmood et al. 2011; Schneider and Kappeler 2014; 
Pitt et al. 2015; Chapter 2). Additionally, they are classified as being non-territorial due to the 
extensive overlap in their home ranges both within and between sexes (Tomich 1969; Gorman 
1979; Roy et al. 2002; Quinn and Whisson 2005; Pitt et al. 2015; Chapter 2). In the only estimate 
of home range size in the native range, Chapter 2 calculates home ranges to be 6.33 ha for males 
and 10.73 ha for females. Home ranges overlapped considerably both within and between the 
sexes with an average of 51.33%. The estimate of a large female home range size was driven by 
a single female whose home range was more than twice the size of any other individual (23.79 
ha). Removal of this female from the analysis yields of an average of 6.38 ha for females. In the 
introduced range, home range estimates vary considerably both within and across locations 
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ranging from 0.75 to 191 ha (Table 1.1). Of the studies reporting means for each sex, mean male 
home range size is 24.41 ha with a standard deviation of 31.4 and mean female home range size 
is 9.78 ha with a standard deviation of 10.0. As the standard deviations of home range size for 
both sexes are greater than their means, these mean estimates, calculated in a variety of ways 
across studies, likely are not particularly representative of the movement patterns of either sex. 
That is, while males tend to have larger home ranges than females, mongooses as a whole are 
capable of inhabiting a variety of environments, and their release from interspecific competition 
and predation suggest that their movement patterns in their introduced range are dictated more by 
food availability and type (i.e., natural and anthropogenic) than any other ecological factor 
(Salek et al. 2014; Pitt et al. 2015; Chapter 2). 
 In contrast to prevailing opinion, Hays and Conant (2003) suggest that the mongoose is 
not entirely solitary. Radio tracking mongooses near Hickam Air Force base on Oahu, Hays and 
Conant (2003) concluded that five large males (mass > 750 g) shared a single home range 
between May and July 1999, a time period they describe as the breeding season: mean pairwise 
overlap of home ranges was 84% with a minimum overlap between any two males of 56%. Over 
the course of the two-month tracking period, they found that on four occasions two males shared 
a den, and on two occasions three males shared a den. Tracking a different set of individuals, 
three males and seven females, between August and October 1999, the “non-breeding” season, 
Hays and Conant (2003) state that males in this group still exhibited considerable home range 
overlap, but that it was less than the males tracked during the breeding season (the exact percent 
is not given), and they reported a mean pairwise overlap for females of 37%. Based on their 
results, paired with the facts that the mongoose is the “only small, diurnal, insectivorous 
carnivore… not reported to show complex sociality,” and that the mongoose’s vocal repertoire of 
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Table 1.1. Reported home range sizes of the small Indian mongoose (Urva auropunctata).  
      Male   Female   Both sexes         
   
n 
mean 
(ha) 
Variation 
about the 
mean (ha) 
 
n 
mean 
(ha) 
Variation 
about the 
mean (ha) 
 
mean 
(ha) 
Variation 
about the 
mean (ha) 
 
Location Site/season 
N
at
iv
e 
ra
ng
e 
  5 6.33 3.88-9 (R)   4 10.73 3.5-23.79 (R)         India1 Village* 
In
tro
du
ce
d 
ra
ng
e 
  5 19.2 8.2-25.7 (R)                 Hawaii2 Breeding season* 
 3 1.67 
  
7 1.4 1.1-2.3 (R) 
    
Hawaii2 Non-breeding season* 
 
         
8-191 (R) 
 
Hawaii3 National park 
 8 45.7 7.2 (S.E.) 
 
13 18.4 1.8 (S.E.) 
    
Hawaii4 Military base* 
 7 28.7 6.1 (S.E.) 
 
6 14 3.3 (S.E.) 
    
Hawaii4 Eucalyptus forest* 
   100       25           Hawaii5 
   
 
39 14 (S.E.) 
  
22 8 (S.E.) 
    
Fiji6 University campus^ 
 7       7       77 25-110 (R)   Mauritius7 Hunting ground* 
                 0.75     Puerto Rico8 
   2 2.52 0.12 (S.E.) 
 
4 1.95 0.10 (S.E.) 
    
Puerto Rico9 Wet season* 
 7 2.01 0.09 (S.E.)   7 1.83 0.09 (S.E.)         Puerto Rico9 Dry season* 
 5 4.2 2.9-6.8 (R)   2 2.2 1.7-2.9 (R)         St. Croix10 Dry savannah* 
   1.1 0.4-1.6 (R)     1.2 0.5-1.8 (R)         St. Croix10 Shrubby grassland^ 
        24.41       9.78           Total mean     
Note: R, range; S.E., standard error. 
*Data collected via telemetry; ^data collected via trapping 
References: (1) Chapter 2, (2) Hays and Conant 2003, (3) Keith et al. 1990, (4) Pitt et al. 2015, (5) Stone and Keith 1987, (6) 
Gorman 1979, (7) Roy et al. 2002, (8) Pimentel 1955a, (9) Quinn and Whisson 2005, (10) Nellis and Everard 1983. 
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12 distinct calls (Mulligan and Nellis 1975) is unusually large for a solitary species (Ewer 1973; 
Le Roux et al. 2009), they conclude that the mongoose exhibits cryptic social behavior and that 
large males form breeding coalitions.  
In a later study, Hays and Simberloff (2006) state that the combination of (1) the results 
of Hays and Conant (2003), and the results of their morphological study of mongooses on the 
islands of Hawaii and Oahu demonstrating (2) higher variance in male vs. female mass, and (3) 
higher variance in large vs. small male mass, suggest that membership in male breeding 
coalitions is dictated by mass such that small males are unable to join coalitions. While not 
explicitly stated in their study, the conclusion of Hays and Simberloff (2006) implies that two 
reproductive tactics exist for males: the formation of and membership in breeding coalitions to 
search for mates, and solitary mate searching. 
 There are several problems with the conclusions of these two studies. First, as stated 
above, a true breeding season may not exist for the mongoose in its introduced range. Second, 
the movement patterns of the five males of Hays and Conant (2003) were not recorded during the 
“non-breeding” season, thus no comparison of their movement patterns in a time period where 
they are presumably not searching for mates can be made. Additionally, the results of their study 
state that considerable, yet undescribed, overlap exists among the three other males they tracked 
during the “non-breeding” season. Third, no study investigating movement patterns of the 
mongoose has reported similar results. In fact, studies from both the native and introduced ranges 
have repeatedly stated that adults are rarely, if ever, seen together (Pimental 1955a; Gorman 
1979; Nellis and Everard 1983; Mahmood et al. 2011; Chapter 2). If breeding coalitions are 
indeed one method by which males find mates, much more evidence of their occurrence is 
expected. Fourth, Hays and Conant (2003) define a male as “large” if he weighed more than 750 
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g. This cutoff is nearly 200 g heavier than mean mass and 90 g heavier than the largest male ever 
observed in the native range (Chapter 2; Table A1.1). This suggests that breeding coalitions are 
either a new behavioral pattern for this species, or that the mass cutoff for membership in 
coalitions is relative, i.e., a male might be large enough to join a coalition in one population, but 
not in another. For the latter to be true, a male would need to sample his population to estimate 
his mass relative to others, which, while possible, is unlikely. Fifth, as evidence of cryptic 
sociality, Hays and Conant (2003) cite the work of Mulligan and Nellis (1975) which suggests 
that the mongoose has 12 distinct vocalizations. As Hays and Conant (2003) mention, vocal 
repertoire is thought to be positively correlated with degree of sociality (Ewer 1973; Le Roux et 
al. 2009); however, the vocalizations reported in Mulligan and Nellis (1975) were all recorded by 
either captive-born or wild-caught animals held in captivity, and the behavioral responses to each 
vocalization were not quantified but only anecdotally described. Additional investigations into 
the mongoose’s vocalizations and behavioral responses to these sounds are needed. Finally, Hays 
and Simberloff (2006) do not provide independent evidence for the existence of breeding 
coalitions, they merely compare variance in mass between sexes and connect their results to 
those of Hays and Conant (2003). While the higher variance in male vs. female mass they found 
might lend some insight into the importance of body size for male reproductive success per se 
(Fisher 1930; Bonduriansky 2007)(see “Mating system and mate choice” below), it says nothing 
about membership in coalitions. Additionally, Chapter 4 compares morphological traits of 
mongooses from four islands of introduction (the island of Hawaii included) to those in the 
native range of India and found that only on St. Croix do males exhibit greater variance in mass 
than females (Table A1). Moreover, mass is a highly plastic trait, and an individual’s mass can 
change by more than 100 g between years (B. Hoagland, unpublished data). 
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 Together, these statements cast doubt on the existence of breeding coalitions in the 
mongoose. Two alternative, more parsimonious explanations for the highly shared movement 
patterns of the five males documented by Hays and Conant (2003) are that the males are siblings, 
or more likely, simply tolerate each other’s presence because of the locally high population 
density (Knell 2009), the mongoose’s non-territorial nature, and the access to abundant 
anthropogenic resources. Evidence that the mongoose has a high tolerance for conspecific 
presence is based on (1) experiments of wild caught individuals placed in enclosures together 
without fighting (Baldwin et al. 1952; Pimentel 1955a), (2) the lack of aggression between 
trapped individuals placed, for hours on end, immediately next to or even on top of other trapped 
individuals (Owen, pers. obs.), and (3) trail camera footage in the field of individuals either 
walking by each other without incident or calmly inspecting each other when one individual is 
trapped and the other is free (B. Hoagland, unpublished data).  
 
Mating system and mate choice 
The mongoose is categorized as having a promiscuous mating system (Nellis and Everard 1983; 
Schneider and Kappeler 2014), though little is known about its mate choice behavior. It is known 
as a prolific scent marker (Gorman et al. 1974; Gorman 1976a; Nellis and Everard 1983) and it 
uses its scent as a sexual signal rather than a marker of territory boundaries (Owen and Lahti 
2015, Chapter 3; Chapter 2; Chapter 4). Exactly what information is conveyed in its scent, and 
whether the signal is intended as an intra- or intersexual signal, or both, has yet to be determined. 
Anecdotal evidence from captive-born and semi-tame individuals suggests that females may 
mark to advertise estrus (see below). Both sexes possess a pair of internal anal glands that attach 
to their external scent marking tool, the anal pad, a fleshy, extensible projection surrounding the 
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anus (Gorman et al. 1974; Gorman 1976a; Nellis and Everard 1983). The anal glands produce a 
secretion containing saturated carboxylic acids formed by bacterial action on sebum and apocrine 
products that is applied to the substrate with the aid of the anal pad by scooting, lifting one leg, 
or performing a handstand (Gorman et al. 1974; Gorman 1976a; Nellis and Everard 1983). The 
latter method is likely an attempt to maximize the height of mark, either to increase detectability 
or signal size (Sharpe 2015). The secretion has been described as an odorless “cream-colored, 
cheesy substance” (Baldwin et al. 1952) and as a “brown, pasty material” (Gorman et al. 1974). 
On the island of Hawaii, Owen and Lahti (2015, Chapter 3) discovered sexual dimorphism in the 
color of anal glands such that all female anal glands contained a dark brown paste, while of the 
males whose glands were investigated, 88% of them possessed at least one anal gland that was 
misshapen, visibly swollen, or filled with a substance that appeared (and smelled) similar to pus, 
whereas the other glands of these males were visually similar to those of the females. Owen and 
Lahti (2015, Chapter 3) conjectured that these pus-filled glands resembled anal sac (gland) 
disease, a common ailment afflicting cats and dogs. This disease occurs when the anal sac 
(gland) becomes infected due to an accumulation of cells that clog the duct by which the sac’s 
(gland’s) contents are exuded (called impaction), often as a result of a low frequency of gland 
expression (Washabau and Brockman 1995; Hedlund and Fossum 2007). While this sexually 
dimorphic trend in anal gland content color is similar in mongooses from other islands (chi-
squared = 84.52, df = 1, P < 0.001,Table A4), a wide variety of colors, ranging from bright white 
(i.e., pus) to cream to light and dark brown, and consistencies, ranging from a thick paste to a 
liquid, exists with some glands being completely empty and shriveled. The causes and functional 
effects of this variation have yet to be investigated. 
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Owen and Lahti (2015, Chapter 3), Chapter 2, and Chapter 4 show that the anal pad is 
under sexual selection in males as indicated by marked male-biased SSD (2.41:1 in the native 
range using relative values; Table A1.2), and its condition dependence and positive relationship 
with body size in males but not females. Results from Chapter 4, however, suggest that selection 
has relaxed in areas of introduction: male anal pads are significantly smaller, less condition 
dependent, and show a weaker relationship with body size in introduced locations than in the 
native range (see “An evolutionary model system” below). To date, no studies have investigated 
the advantages of possessing a large anal pad, but Owen and Lahti (2015, Chapter 3) suggest it 
might aid in the maintenance of one’s mark or in maximizing the efficiency of over-marking 
rivals’ marks. 
The only additional insight into the mechanism by which mate choice occurs in the 
mongoose stems from SSD in mass. Chapter 4 shows that while SSD exists in all traits, a 
comparison of relative trait values (i.e., corrected for total body length) reveals that most traits 
are isometric or are only slightly sexually dimorphic, except for the anal pad and mass (Table 
A2.2). For a given body length, males are between 28 and 41% heavier than females. This SSD 
suggests sex-specific selection on male body size, perhaps due to males engaging in agonistic 
contests for access to females. However, no relevant behavioral data have been collected in the 
wild, and the mongoose’s highly overlapping home ranges and apparent tolerance of conspecific 
presence are at odds with this hypothesis. The only behavioral data on mate choice behavior 
comes from the captive born and semi-tame females of Nellis and Everard (1983). Their 
observations show that when in early oestrus, females increase their frequency of scent marking 
and initiate contact with males more often than at any other time. When near females in estrus, 
males sometimes engage in agonistic interactions with each other, including vocalizations, 
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piloerection, and chasing; but no injuries were observed. Nellis and Everard (1983) state that 
females choose the male with whom they mate, and that the chosen individual is “not necessarily 
the dominant male in the courting group.”  
 
Diet and feeding habits 
In both its native and introduced ranges, the mongoose is an opportunistic generalist whose diet 
varies with prey availability and abundance. It is known to prey on a wide variety of both 
vertebrates and invertebrates including small mammals, birds, reptiles, fish, insects, crabs, 
arachnids, snails, and even sea stars, in addition to plant material such as stems, leaves, berries, 
and fruits (Seaman 1952; Pimentel 1955a; Gorman 1975; Nellis and Everard 1983; Siddiqui et 
al. 2004; Hays and Conant 2007; Mahmood et al. 2011; Mahmood and Adil 2016). Based on 
volumetric proportions of its gastrointestinal tracts and scats (Table 1.2), the mongoose appears 
to be primarily insectivorous and secondarily a predator of vertebrates, though this may be more 
a product of the ease associated with acquiring each prey type rather than a dietary preference.  
 In the native range the mongoose preys upon several rodent species including the 
northern palm squirrel (Funambulus pennantii), the Indian gerbil (Tatera indica), the lesser 
bandicoot rat (Bandicota bengalensis), the short-tailed bandicoot rat (Nesokia indica), the little 
Indian field mouse (Mus booduga), the soft-furred rat (Millardia meltada), the Asian house 
shrew (Suncus murrinus), the Indian desert jird (Meriones hurrianae), and more globally 
widespread rodents, the house mouse (M. musculus) and the black rat (Rattus rattus) (Siddiqui et 
al. 2003; Mahmood and Adil 2016). In the introduced range, the mongoose preys upon mostly 
house mice and rats, but on several Adriatic Islands, it reportedly preys on nearly every available 
species of small mammal (Cavallini and Serafini 1995; Barun et al. 2011b). Seaman and Randal 
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Table 1.2. Reported gastrointestinal and scat contents of the small Indian mongoose (Urva auropunctata). Sample sizes are in 
parentheses. Except where noted values correspond to percent volume. Adapted from Hays and Conant (2007). 
    Native Range   Introduced Range 
  
Pakistan1-3 Pakistan4 Pakistan5 
 
Hawaii6 
St. 
Croix7 
Puerto 
Rico8 Fiji9 Korcula10 Mauritius11 Jamaica12 
    (500) (29) (66)  (86) (36) (56) (4404) (126) (458) (217) 
             Mammal 
 
10 75 15 
 
29 18 3 10 26 66* 34 
Bird 
 
22 
 
3 
 
8 5 
 
4 13 6* 4* 
Herpetofauna 
      
9 16 19 
 
15* 50 
Bones 
 
15 8 5 
        Invertebrates 
 
32 12 65 
 
45 59 71 44 16 20* 17 
Plants 
 
21 5 12 
 
18 11 11 23 45 18* 1* 
*Frequency of occurrence. 
References: (1) Siddiqui et al. 2003, (2) Siddiqui et al. 2004, (3) Rana et al. 2005, (4) Mahmood et al. 2011, (5) Mahmood and Adil 
2016, (6) Baldwin et al. 1952, (7) Seaman 1952, (8) Pimentel 1955a, (9) Gorman 1975, (10) Cavallini and Serafini 1995, (11) Roy 
et al. 2002, (12) Lewis et al. 2011. 
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(1962) document a mongoose attacking a four-day-old fawn by the nose on St. Croix. Globally, 
insect prey includes a wide variety of orthopterans, coleopterans, and lepidopterans (Seaman 
1952; Pimentel 1955a; Gorman 1975; Nellis and Everard 1983; Hays and Conant 2007; 
Mahmood and Adil 2016). Bird and reptile prey are often not identified to species, but see Table 
1.3 for a list of species whose populations have been affected by the mongoose. The mongoose 
will eat amphibians, including the cane toad with its noxious parotid glands, a species avoided by 
cats and dogs (Baldwin et al. 1952; Nellis and Everard 1983; Hays and Conant 2007). 
 
IMPACTS AS AN INVASIVE SPECIES 
Unsuccessful biological control 
The main reasons for the mongoose’s introduction around the world were to limit the damage 
rats were causing to sugar planters’ crops (Espeut 1882; Baldwin et al. 1952; Nellis and Everard 
1983; Hays and Conant 2007), and in some cases, to control venomous snake populations 
(Yamada and Sugimura 2004). However, despite the initial reports raving about the mongoose’s 
success at controlling rats, current opinion is that the mongoose ultimately failed in this capacity 
(Baldwin et al. 1952; Gorman 1979; Pitt et al. 2015). Two years after introducing the mongoose 
to his sugarcane plantation, Espeut (1882) stated that rats were almost completely eradicated, 
though he did admit that several local species were in decline as well. In Trinidad, Urich (1931) 
reported that the mongoose was successful at controlling rats in sugarcane fields, but that rats 
remained abundant in urban areas, also mentioning the declines of several local species. Within 
about 15 years after its introduction to the Caribbean, however, the mongoose itself was 
considered a pest (Urich 1914), and rat populations on islands remained high (Seaman and 
Randall 1962). Many researchers concluded that because rats constituted such a small portion of 
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Table 1.3. List of species reportedly negatively impacted by the small Indian mongoose (Urva auropunctata). Letters correspond 
to whether a species has been extirpated from an island (IE), and its current IUCN status: NE, not evaluated; LC, least concern, 
NT; near threatened; V, vulnerable; EN, endangered; CE, critically endangered; EW, extinct in wild; E, extinct. 
  Location Common name Species name IE NE LC NT V EN CE EW E 
B
ird
s 
Fiji Banded rail1,2 Hypotaenidia philippensis  x   x             
Fiji Barred-wing rail1 Nesoclopeus poecilopterus                 x 
Fiji Grey duck2 Anas supericiliosa x   x             
Fiji Purple swamphen1,2 Porphyrio porphyrio x   x             
Fiji Sooty rail1 Porzana tabuensis x   x             
Fiji White-browed hen1 Poliolimnas cinerea x   x             
Hawaii Hawaiian coot3 Fulica alai         x         
Hawaii Hawaiian crow3 Corvus hawaiiensis               x   
Hawaii Hawaiian duck3 Anas wyvilliana x         x       
Hawaii Hawaiian gallinule3 Gallinula chloropus sandvicensis           x       
Hawaii Hawaiian goose3 Branta sandvicensis         x         
Hawaii Hawaiian petrel3 Pterodroma sandwichensis         x         
Hawaii Hawaiian stilt3 Himantopus mexicanus knudseni           x       
Hawaii Newell shearwater3 Puffinus auricularis newelli x         x       
Jamaica Jamaica petrel4 Pterodroma caribbaea                 x 
Jamaica Jamaican poorwill5 Siphonorhis americanus                 x 
Jamaica Uniform crake6 Amaurolimnas concolor x   x             
Japan Amami woodcock7 Scolopax mira         x         
Japan Okinawa Rail8 Hypotaenidia okinawae           x       
Japan Purple Jay9 Garrulus lidthi         x         
Japan Ryukyu robin9 Larvivora komadori       x           
Martinique White-breasted thrasher4 Ramphocinclus brachyurus           x       
Mauritius Pink Pigeon10 Nesoenas mayeri           x       
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Table 1.3 cont. List of species reportedly negatively impacted by the small Indian mongoose (Urva auropunctata), whether they 
have been extirpated from an island (IE), and their current IUCN statuses: NE, not evaluated; LC, least concern, NT; near 
threatened; V, vulnerable; EN, endangered; CE, critically endangered; EW, extinct in wild; E, extinct. 
  Location Common name Species name IE NE LC NT V EN CE EW E 
Bi
rds
 
Puerto Rico Puerto Rican nightjar11 Antrostomus noctitherus           x       
Puerto Rico Quail dove11^ Geotrygon spp.                   
Puerto Rico Short-eared owl11 Asio flammeus     x             
Puerto Rico West Indian nighthawk11 Chordeiles gundlachii     x             
St. Lucia White-breasted thrasher4 Ramphocinclus brachyurus           x       
St. Vincent Quail dove12 Geotrygon spp. x                 
H
er
pe
to
fa
un
a 
Adriatic Islands Balkan green lizard13 Lacerta trilineata     x             
Adriatic Islands European green toad13 Bufotes viridis     x             
Adriatic Islands Horned viper13 Vipera ammodytes     x             
Antigua Antiguan racer14 Alsophis antiguae x           x     
Caribbean Puerto Rican ameiva15 Ameiva exsul x                 
Caribbean Green sea turtle16 Chelonia mydas           x       
Caribbean Hawksbill sea turtle17 Eretmochelys imbricata             x     
Caribbean Leatherback sea turtle17 Dermochelys coriacea         x         
Caribbean Loggerhead sea turtle17 Caretta caretta         x         
Caribbean S. American bullfrog18 Leptodactylus pentadactylus x   x             
Fiji Black emo skink19 Emoia nigra x   x             
Fiji Fijian ground frog1 Cornufer vitianus             x     
Fiji Fijian tree frog1 Cornufer vitensis       x           
Fiji Gibbons' emo skink19 Emoia trossula x         x       
Grenada Whip-tail lizards12* Ameiva spp. x                 
^Two species of quail dove were reported in decline, but not identified 
*Several species reported to be in decline, but individual species not identified 
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Table 1.3 cont. List of species reportedly negatively impacted by the small Indian mongoose (Urva auropunctata), whether they 
have been extirpated from an island (IE), and their current IUCN statuses: NE, not evaluated; LC, least concern, NT; near 
threatened; V, vulnerable; EN, endangered; CE, critically endangered; EW, extinct in wild; E, extinct. 
  Location Common name Species name IE NE LC NT V EN CE EW E 
H
er
pe
to
fa
un
a 
Hispaniola Hispaniola racer20 Hypsirhynchus melanichnus             x     
Jamaica Jamaican giant galliwasp21 Celestus occiduus                 x 
Jamaica Jamaican iguana22 Cyclura collei             x     
Jamaica Jamaican racer14 Hypsirhynchus ater             x     
Japan Amami tip-nosed frog7 Odorrana amamiensis           x       
Japan Ishikawa's frog7 Odorrana ishikawae            x       
Japan Otton frog7 Babina subaspera           x       
Japan Ryukyu odd-tooth snake7 Lycodon semicarinatus   x               
Japan Ryukyu short-legged skink7 Ateuchosaurus pellopleurus   x               
Martinique Fer-de-lance18,23 Bothrops atrox x                 
Martinique Lacépède's ground snake14 Erythrolamprus cursor x           x     
Nevis island Orange-bellied racer15,24 Alsophis rufiventris x       x         
St. Croix St. Croix ground lizard25 Ameiva polops x         x       
St. Croix St. Croix racer15,24 Borikenophis sanctaecrucis             x     
St. Lucia Fer-de-lance18,23 Bothrops atrox x                 
St. Lucia Greater Martinique skink26 Mabuya mabuya x                 
St. Lucia Mussurana26 Clelia clelia x                 
St. Lucia St. Lucia racer14 Erythrolamprus ornatus x           x     
Trinidad Black and white tegu27 Salvator merianae     x             
Trinidad Levant skink27 Trachylepis aurata     x             
Trinidad Two-striped skink27 Varzea bistriata     x             
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Table 1.3 cont. List of species reportedly negatively impacted by the small Indian mongoose (Urva auropunctata), whether 
they have been extirpated from an island (IE), and their current IUCN statuses: NE, not evaluated; LC, least concern, NT; near 
threatened; V, vulnerable; EN, endangered; CE, critically endangered; EW, extinct in wild; E, extinct. 
  Location Common name Species name IE NE LC NT V EN CE EW E 
M
am
m
al
s 
Cuba Cuban solenodon28 Solenodon cubanus           x       
Hispaniola Haitian island shrew29 Nesophontes hypomicrus                 x 
Hispaniola Hispaniolan spiny rat29 Brotomys voratus                 x 
Hispaniola Large Haitian island shrew29 Nesophontes paramicrus                 x 
Hispaniola Small Haitian island shrew29 Nesophontes zamicrus                 x 
Jamaica Jamaican rice rat6,30 Oryzomys antillarum                 x 
Japan Amami rabbit31 Pentalagus furnessi           x       
References: (1) Gorman 1975, (2) Morley and Winder 2013, (3) Stone et al. 1994, (4) Collar et al. 1992, (5) Bangs and Kennard 
1920, (6) Raffaele et al. 1998, (7) Watari et al. 2008, (8) Tanahara 2002, (9) Sugimura 2002, (10) Roy et al. 2002, (11) 
Wetmore 1927, (12) Allen 1911, (13), Barun et al. 2010, (14) Henderson 1992, (15) Nellis 1979, (16) Seaman and Randall 
1962, (17) Nellis and Small 1983, (18) Barbour 1930, (19) Zug 1991, (20) Henderson and Sajdak 1996, (21) Hays and Conant 
2007, (22) Lewis et al. 2011, (23) Nellis 1989, (24) Westerman 1953, (25) Baskin and Williams 1996, (26) Corke 1987, (27) 
Urich 1931, (28) Nowak 1991, (29) Woods and Ottenwalder 1992, (30) Haynes et al. 1989, (31) Yamada and Sugimura 2004. 
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the mongoose’s diet (Seaman 1952; Pimental 1955a; Gorman 1975; Table 1.2), the mongoose 
was a poor predator of rats. Others suggested that because mongooses were diurnal and rats were 
nocturnal, the opportunity for control was limited (Stone et al. 1994; Pitt et al. 2015). Still others 
suggested that improved rat poisoning techniques in fields rendered the mongoose obsolete 
(Doty 1945; Baldwin et al. 1952; Hays and Conant 2007). Countering these claims, several 
reports maintained that the mongoose was indeed an efficient predator of rats (Walker 1945; 
Lewis 1953). In fact, Nellis and Everard (1983) even suggest that the mongoose was responsible 
for causing the black rat to become arboreal on St. Croix, but this species is an arboreal nester 
globally (Baldwin et al. 1952; Hays and Conant 2007). To quantify the mongoose’s prowess as a 
predator of rodents, Hoagland et al. (1989) compared mongoose population densities with those 
of three rodents on St. Croix. They found that the mongoose was efficient at controlling Norway 
rats (R. norvegicus) but not black rats or house mice. Barun et al. (2011b) performed a similar 
census on several Adriatic Islands, some of which are inhabited by mongooses and some are not. 
They found that while black rats are in higher abundance on islands with mongooses, they appear 
to have shifted their behavior patterns to avoid dawn and dusk, time periods where they might 
come into contact with the diurnal mongoose: no rats were caught during the day on mongoose-
infested islands, whereas on islands without mongooses, a small proportion was caught during 
the day.  
 The mongoose’s failure to produce the desired effect in its introduced range is likely a 
combination of several of the above hypotheses. Their extreme generalism and opportunistic 
hunting strategy paired with the lack of mammalian predators in the majority of their introduced 
range facilitated the mongoose’s transformation from hopeful biological control agent to 
devastating invasive pest. 
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Species affected 
Espeut (1882) noticed the mongoose’s effects on native species almost immediately. Shortly 
thereafter, naturalists and researchers began investigating these negative impacts more 
thoroughly. A century later, the IUCN named the mongoose as one of the 100 worst invasive 
species on the planet for its role in the declines, extirpations, and even extinctions of dozens of 
species (Lowe et al. 2000). Hays and Conant (2007) compiled a near exhaustive list of the 
species affected by the mongoose around the globe, including historical opinions and timelines 
of different species’ declines. The review, however, left out species from Japan (Sugimura 2002; 
Tanahara 2002; Yamada and Sugimura 2004) and Mauritius (Roy et al. 2002). Since then, 
several other studies have documented or investigated additional species at risk (Watari et al. 
2008; Barun et al. 2011b; Lewis et al. 2011; Morley and Winder 2013). Tabulating the written 
record of Hays and Conant (2007), and incorporating these additional studies’ accounts, Table 
1.3 summarizes all the species that the mongoose has ever been accused of negatively affecting. 
To my knowledge the table is exhaustive, but as Barun et al. (2011a) note, invasive species’ 
management and at-risk species conservation efforts are often published in grey literature; thus 
this list may be missing some species. The species in Table 1.3 include birds, herpetofauna, and 
mammals that range across the spectrum of IUCN classifications. Many species have been 
extirpated by the mongoose, but are found in abundance in mongoose-free locations.  
Historically, in its introduced range, any local species’ decline was blamed on the 
mongoose. However, researchers have pointed to the difficulty in determining the mongoose’s 
exact impact (Baldwin et al. 1952; Gorman 1975; Hays and Conant 2007). For example, Collar 
et al. (1992) and Henderson (1992) state that some species’ last sightings were documented at 
dates prior to the introduction of the mongoose, suggesting that species’ disappearances are 
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instead related to deforestation and habitat loss. Others posit that while mongoose predation 
plays an important role in species decline, other invasive species, including cats, dogs, rats, and 
monkeys have also contributed (Roy et al. 2002; Yamada and Sugimura 2004; Hays and Conant 
2007; Barun et al. 2011a; Morley and Winder 2013). In all likelihood, a combination of these 
factors has played a role in the observed species’ declines, with the relative contribution of each 
factor varying in each location. 
 
Disease vector 
The mongoose is not believed to have carried any native parasites or diseases to the introduced 
range (Nellis 1989), but they do carry local parasites and pose a serious threat to human health as 
a vector of transmissible diseases. Nellis and Everard (1983) found that, similarly to most 
terrestrial mammals, the mongoose carries several species of fleas, ticks, and mites (Cole and 
Koepke 1947; Baldwin et al. 1952; Seaman 1952; Webb 1972; Townsend and Powers 2014), but 
that surprisingly, it carries few large endoparasites. Among diseases, the mongoose is most 
widely known as a vector of rabies, and to a lesser extent leptospirosis. In fact, much of the 
motivation for the control and management programs described below originates from the 
necessity to curb the spread of rabies (Creekmore et al. 1994; Blanton et al. 2006; Vos et al. 
2013; Berentsen et al. 2014; Johnson et al. 2016). According to Nellis and Everard (1983), in its 
introduced range the mongoose is also known to carry the following diseases or pathogens: 
canine distemper, canine hepatitis, feline panleukopenia, pulmonary virus, Toxoplasma, 
Streptococcus, and Salmonella. On Okinawa, Saito et al. (2009) found that mongooses are also 
vectors of the Japanese encephalitis virus. 
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Little is known about the parasites and diseases the mongoose carries in its native range, 
though recent studies are lending some insight. In Pakistan and India, the mongoose is found to 
carry local species of ticks  (Hoogstraal 1970; Owen, pers. obs.). Also in Pakistan, an 
unidentified species of the bacterium Klebsiella was found in the urine of the mongoose 
(Mehmood et al. 2012). In Iran, the nematodes Trichinella spiralis (Mowlavai et al. 2000) and 
Spirura spp. (Rakhshandehroo et al. 2014) were found in mongoose muscle tissue and 
gastrointestinal tracts, respectively, and a Candidatus Mycoplasma turicensis (CMt)-like 
hemoplasma was detected in a mongoose blood sample (Sharifiyazdi et al. 2014). 
 
Management 
As a major invasive pest and carrier of disease in its introduced range, the mongoose has been 
the target of management and control efforts for over a century (Urich 1914). In an exhaustive 
review, Barun et al. (2011a) summarized the past and current mongoose control efforts around 
the world. Until the 1950s the major forms of control were hunting or trapping bounties and 
organized removal trapping (Baldwin et al. 1952; Nellis and Everard 1983). Today, bounty 
hunting is generally avoided because it increases the exposure of the public to animals possibly 
infected with rabies and other transmissible diseases, and because it is generally not found to be 
successful (Nellis and Everard 1983; Barun et al. 2011a). Bounty trapping, however, has proven 
effective, at least on Amami-Oshima, Japan. From 2000 to 2004, 40 to 131 residents trapped 
nearly 16,500 mongooses and were paid between $20 and $45 per animal (Yamada and 
Sugimura 2004; Barun et al. 2011a). Organized removal trapping by government agencies or 
NGOs is the most widely used method today, but there are limits to its effectiveness. While 
mongooses are easily trapped, this method is labor intensive and expensive as traps must be 
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routinely baited and checked. For example, the U.S. Forest Service spends $10,000 a year to pay 
personnel to periodically bait and check traps in Puerto Rico (Barun et al. 2011a). Kill traps are 
less expensive to maintain, but are generally not employed to avoid killing non-target species.  
Baits used for trapping have included both natural (chicken, boiled cowhide, eggs, salted 
fish, raw fish, beef, hot dog, coconut, pet food, and commercially flavored blocks) and 
synthetically-flavored (fish, cheese, coconut) attractants (Creekmore et al. 1994; Berentsen et al. 
2015; Pitt et al. 2015). Evidence suggests that natural baits are more effective at attracting 
mongooses than synthetic ones (Pitt and Sugihara 2008). In a comparison of several novel, 
natural baits, Pitt et al. (2015) showed that the mongoose is generally non-selective as visits to 
bait stations of beef, fish, egg, coconut, and hot dogs were all frequently visited by mongooses. 
As the mongoose uses scent as a form of sexual advertising (Owen and Lahti 2015, Chapter 3; 
Chapter 2; Chapter 4), the use of conspecific chemical lures might increase trapping success 
(Ogura et al. 2000; Barun et al. 2011a; Pitt et al. 2015). In a preliminary study aimed at 
determining plausible methods of harvesting such lures, Kusuda et al. (2010) were able to induce 
estrus via hormone injection. Appendix B suggests, however, that chemical lures might not 
always be effective. 
Over the last 60 years, toxic baits have been deployed either at baiting stations (or in 
traps) or aerially (released over an area via aircraft). Diphacinone, a first generation anti-
coagulant, is the currently preferred toxin for mongoose control, although its use has returned 
mixed success (Keith et al. 1990; Stone et al. 1994; Barun et al. 2011a; Pitt et al. 2015). Other 
toxins have been used in the past, including thallium sulfate, sodium monofluoroacetate (1080), 
and strychnine sulfate (Pimentel 1955b; Everard and Everard 1992; Barun et al. 2011a). Barun et 
al. (2011a) point out that toxic baits have a downside in that they become unpalatable to the 
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animal within only a few hours; however, baits have been developed that remain palatable for 
more than two weeks. Additionally, avoiding exposure to non-target species can be difficult. 
Other control techniques, mainly employed in Japan, have included the use of camera 
traps and trained dogs to more efficiently locate mongooses (Yamada and Sugimura 2004; 
Fukuhara et al. 2010), and the construction of expensive mongoose-proof fences (Barun et al. 
2011a). 
Taking an economic perspective on mongoose control in Viti Levu, Fiji, Brown and 
Daigneault (2015) performed a cost-benefit analysis of three management techniques: live 
trapping, kill trapping, and hunting. Their analysis included the cost of supplies and labor as well 
as the relative estimated monetary, but not ecological, payoff (e.g., reduced damage to livestock 
and agriculture) of each method, in conjunction with a personal survey of residents on their 
opinion of mongoose presence. Overall, they found that kill traps were the most cost effective 
method of control; however, without incorporating both the ecological costs (e.g., killing non-
target species) and benefits (e.g., protecting biodiversity and slowing the spread of disease), their 
analysis must be viewed as incomplete. 
Overall, while the use of a variety of management techniques has certainly reduced 
invasive mongoose populations, the mongoose has only been eradicated from six islands (Barun 
et al. 2011a). Making matters worse, Barun et al. (2011a) suggest that eradication is likely only 
possible in areas with recently introduced or small populations; unfortunately, few locations with 
mongoose infestations fall under this category: the mongoose appears entrenched and 
widespread on most of the islands on which it has been introduced, and its population sizes are 
usually large. Additionally, Barun et al. (2011a) state that most teams do not have the technical 
expertise to carry out effective eradication programs, even on small islands. This situation might 
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be remedied by additional peer-reviewed studies of management success, including comparisons 
among different methods; currently such results are usually published in the grey literature, 
which has a more limited circulation. Altogether, Barun et al. (2011a) as well as others (Nellis 
and Everard 1983; Roy et al. 2002; Hays and Conant 2007) suggest that the present goal for 
mongoose management should be local control to protect at-risk species, while limiting the rate 
of disease transmission as much as possible. 
 
CONSERVATION STATUS 
The IUCN Red List catalogs the mongoose under the category of “Least Concern” due to its 
extensive introduced range. Its status in its native range, however, has not been evaluated. In 
India, all species of mongoose are considered threatened and have been placed under Schedule II 
Part II of the Wildlife Protection (Act), 1979, which grants complete federal protection. This 
level of protection was imposed in 2004, a year after an undercover sting operation-turned-
documentary (“A Brush with Death”) by the NGO Wildlife Trust of India exposed the rampant 
poaching of mongooses for the manufacture and sale of high-quality paintbrushes. Currently, it is 
illegal to sell, purchase, or possess brushes made from mongoose hair in India. No population 
size estimates have ever been undertaken; thus no conclusion can be drawn about population 
trends or status (Chapter 2). However, while thousands of mongooses have been killed in recent 
decades, the upgrade in protection in 2004 has almost certainly led to a degree of population 
recovery. 
No other country in the mongoose’s native range has expressed concern regarding 
conservation. 
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AN EVOLUTIONARY MODEL SYSTEM 
The mongoose’s introduction to such a large number of locations creates a rare natural 
experiment in which researchers can both observe evolution in situ and test evolutionary 
hypotheses in a complex, long-lived organism. Hoagland and Kilpatrick (1999) were the first to 
take advantage of this natural experiment. Using allozyme markers, they showed that populations 
of the mongoose from Jamaica, the island of Hawaii, Oahu, Puerto Rico, and St. Croix had 
diverged very little in ca. 120 years of isolation: there were no significant differences found in 
average heterozygosity, level of polymorphism, or mean number of alleles between the 
populations. Thulin et al. (2006) reexamined this issue using their microsatellite library (Thulin 
et al. 2002) and incorporated into their investigation samples of mongooses from the native range 
and a larger set of introduced locations than Hoagland and Kilpatrick (1999). As microsatellites 
generally provide for finer resolution than allozymes, Thulin et al. (2006) found that the genetic 
diversity of introduced mongoose populations generally follows predictions of population 
genetics theory: introduced populations exhibit high degrees of genetic variation, and for some 
populations, this variation is reduced with subsequent linear stepping-stone introductions. 
However, they did find that the Jamaican samples (the initial founder population that became the 
source for several other island populations) had as many alleles as those in Bangladesh, a region 
of their native range, suggesting retention (or recovery) of ancestral variation despite a founding 
propagule of only nine individuals (Espeut 1882; Hoagland et al. 1989; Simberloff et al. 2000). 
Surprisingly, samples from another region of the native range, Pakistan, possessed fewer than 
half the number of alleles as the Jamaican samples. In fact, the Pakistani samples had fewer 
alleles than all introduced locations examined, with the exception of Fajou and Guyana, locations 
that are at the end of a stepping-stone sequence of introductions. Examining genetic variation on 
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Fiji, Thulin et al. (2006) found that these samples possessed more alleles than what is 
theoretically possible from the proposed founding propagule of just a single, mixed-sex pair, and 
that, barring an abnormally high mutation rate, additional undocumented introductions to Fiji 
must have occurred. This finding spurred Barun et al. (2013) to investigate whether 
contemporary models of population genetics could be used to recreate the mongoose’s 
introduction history, and what, if any, disagreement existed between the written and simulated 
accounts. Specifically, their goals were to use models to estimate (1) the origins of introduction 
for each island, (2) whether additional, undocumented introductions took place, and (3) if the 
different series of stepping stone introductions (e.g., India!Okinawa!Amami-Oshima) were 
confirmed. Barun et al. (2013) found that current models generally produced an introduction 
history in accordance with the historical record. However, after running simulations of 
alternative introduction histories, they concluded that the available data could not reject 
alternatives, mostly due to the unknown founding propagule sizes in many locations.  
Simberloff et al. (2000) used the mongoose’s presence in different environments to test 
predictions of character displacement. As proxies for body size, they compared condylobasal 
lengths (CBL) and top canine diameters of museum skull specimens originating from the 
previously understood native range (i.e., extending into Southeast Asia) where the mongoose 
was thought to exist in two sorts of areas: (1) where it is sympatric, and thus in competition, with 
other mongoose species, and (2) where it is thought to be free of such interspecific competition. 
They compared these specimens to those from the introduced range, where mongooses are also 
without interspecific competition. Unfortunately, as the small Indian/Javan mongoose distinction 
was not yet discovered (Veron et al. 2007; Patou et al. 2009), Simberloff et al. (2000) 
inadvertently included specimens of the larger Javan mongoose. Overall their results suggested 
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competitive character release, as they found that introduced mongooses were of intermediate size 
relative to the native range: larger than those mongooses found in sympatry but smaller than 
those found without competition. Additionally, they found that SSD was greater in areas of 
introduction, with a higher degree of difference in SSD in canine diameter than in CBL. Clearly, 
the inclusion of the Javan mongoose in their analyses renders the results of Simberloff et al. 
(2000) uninterpretable. Veron et al. (2007) suggest that the conclusions of Simberloff et al. 
(2000) should be reevaluated, but nevertheless still speculate that character release has indeed 
taken place in introduced mongooses.  
Results from Chapter 4, an extensive morphological comparison of the mongoose, using 
only wild individuals from their introduced and true native ranges, do not support the hypothesis 
of character displacement in the introduced range. Comparing live-caught specimens from India 
to those from the island of Hawaii, Jamaica, Mauritius, and St. Croix, Chapter 4 shows that for 
males, relative to India, total body length increased in some locations but not in others, and for 
females, total body length increased (Figure A1, Table A3). These differences result in a 
decrease in sexual dimorphism in total body length after introduction (Table A2). More 
specifically contrary to Simberloff et al. (2000), Chapter 4 demonstrates that no consistent 
change in head length (nose tip to occipital bone) nor top canine diameter occurred since 
introduction (Figure A1; Table A3). Head length of introduced males either did not change or 
increased using raw values and either did not change or decreased using relative values. For 
females, raw head length did not change after introduction, and relative head length either did 
not change or decreased. Sexual dimorphism in head length increased by one to four percentage 
points using raw values and decreased by five percentage points using relative values (Table 
A2). Further, top canine diameters in males using raw values did not change in three of the four 
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introduced locations but increased in one (Hawaii), and using relative values, did not change in 
two locations (Mauritius and St. Croix), increased in one (Hawaii) and decreased in another 
(Jamaica; Figure A1; Table A3). For females, top canine diameters followed the same trend as 
males using raw values, but for relative values did not change. Sexual dimorphism in top canine 
diameters using raw values increased by one percentage point in Mauritius but decreased in all 
other locations by up to seven percentage points (Table A2). For relative values, sexual 
dimorphism decreased or increased by up to 3 percentage points, or did not change. See Figure 
A1, Table A2, and Table A3 for additional morphological comparisons.  
Chapter 4 used the mongoose’s natural experiment to investigate the role the environment 
plays in the evolution of sexually selected traits and behaviors. Due to the ecological release 
from predation and interspecific competition in their introduced range (Nellis and Everard 1983; 
Simberloff et al. 2000; Hays and Conant 2007), mongoose population densities are between 51 
and 66 times denser than in the native range (Chapter 4). This marked change in density has 
increased individual encounter rates, and Chapter 4 found that this change in social interaction 
reduced the utility of long-distance advertisement (i.e., scent marking) as individual quality 
could instead be assessed in real-time. This situation relaxed selection on scent marking and led 
to the rapid evolution of male anal pads: relative to the native range, introduced male but not 
female anal pads shrank by up to 34% (Figure A1; Table A3), and the level of condition 
dependence and the positive relationship with body size both either weakened or disappeared 
entirely. Simultaneously, the high population densities intensified sperm competition among 
males, which led to an evolutionary increase in testis size in introduced populations (Figure A1; 
Table A3).  
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The results of Chapter 4 predict that relative to the native range, mongooses in the 
introduced range (1) scent mark less frequently, at least in males, and (2) are mating with more 
partners. At present, neither of these predictions has been tested, but some evidence exists to 
support the former. Veterinary literature suggests that impacted anal sacs (glands) are often 
caused by a reduced frequency of gland expression (Washabau and Brockman 1995; Hedlund 
and Fossum 2007). If introduced males are scent marking less frequently than their native range 
counterparts but are producing similar volumes of anal gland contents, this behavior might 
explain the high incidence of pus-filled glands in the introduced range (Table A4). Of course, 
without a survey of the anal gland contents of mongooses in their native range, this explanation 
is only conjecture. 
See Appendix C for additional evolutionary hypotheses that could be tested with the 
mongoose’s natural experiment. 
 
CONCLUSION 
The small Indian mongoose is a diurnal carnivore native to South Asia that prefers areas 
of human habitation. They are solitary and non-territorial opportunistic generalist feeders preying 
upon a variety of vertebrates, invertebrates, and plants. Scent marking is used as a form of 
chemical advertisement, and an unusual tool, the anal pad, is used to apply their scent. A little 
less than 150 years ago, the small Indian mongoose was introduced from South Asia to the West 
Indies in hopes that it would eradicate agricultural pests. Word of its early success spread, and so 
too, did the mongoose. Today it is found in all four hemispheres, and is known as one of the 
worst invasive species on the planet. Millions of dollars have been invested to control mongoose 
populations, protect at-risk species targeted by them, and to stop their transmission of disease. 
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Whereas it poses a great ecological threat, its introduction history represents a rare, yet relatively 
unexploited, opportunity to test evolutionary hypotheses. Overall, while the small Indian 
mongoose is unlikely to be eradicated from most of the locations in its introduced range, this 
species will continue to be a source of fruitful research for the fields of invasion, conservation 
biology, and evolutionary biology, and disease ecology. 
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CHAPTER 2 
Sexual dimorphism, home range, and habitat preference of the small Indian mongoose 
(Urva auropunctata) in northern India 
Coauthored by: Yadvendradev V. Jhala and David. C. Lahti 
 
ABSTRACT 
The small Indian mongoose (Urva auropunctata, formerly Herpestes auropunctatus) is most 
widely known as an invasive pest in the dozens of locations where it has been introduced. Mostly 
absent, however, are data from its native range of South Asia, where in some countries it is 
considered threatened. Here we collect the first data of their kind pertaining to small Indian 
mongoose morphology, home range, and habitat preference in their native range. We trapped a 
total of 51 mongooses from multiple populations in each of three cities in northern India. Home 
range size and habitat preference were estimated from nine individuals that were fitted with VHF 
radio collars. Overall, mongooses were strongly sexually dimorphic, with male trait values being 
greater than those of females in all traits measured. Average male home range size was 6.33 ha 
with a core area of 2.52 ha, and average female home range size was 10.73 ha with a core area of 
4.60 ha. One female’s home range was more than twice that of any other mongoose. Removal of 
this female from analyses results in an average home range for females of 6.38 ha and a core area 
of 2.81 ha. A compositional analysis revealed a habitat preference order of: roads > grass/shrub > 
domestic gardens > agricultural fields > barren land > forests. Together these data will provide a 
foundational understanding of the small Indian mongoose in its native range and can potentially 
be utilized to inform and improve management practices around the globe where it poses a 
threat. 
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INTRODUCTION 
The small Indian mongoose (Urva auropunctata, formerly Herpestes auropunctatus) is an 
enigmatic species representing both ends of the conservation spectrum. On the one hand, in its 
native range of South Asia it is revered as a human-protecting snake killer (Lodrick 1982) and in 
at least some parts of its native range it is considered threatened. In India, the small Indian 
mongoose together with all other mongoose species is under Schedule II Part II of the Wildlife 
(Protection) Act, 1979, which grants complete governmental protection. Mongooses were 
upgraded to this protection level in 2004 after an undercover documentary revealed evidence of 
large scale poaching for the manufacture of high quality paintbrushes (“A Brush with Death”, 
Wildlife Trust of India, 2003). While population estimates are not available for any mongoose 
species in India (or anywhere else in South Asia), the poaching of thousands of mongooses has 
likely had a negative impact on population sizes. On the other hand, the small Indian mongoose 
(hereafter mongoose) is infamous as an invasive species (Lowe et al. 2000). In 1872 it was 
introduced from India to Jamaica as a biological control agent to reduce rat and snake 
populations in agricultural fields (Espeut 1882; Hoagland et al. 1989). The introduction was 
initially deemed a success because pest populations appeared to decline (but later recovered). As 
a result, over the next 30 years the descendants of the Jamaican propagule were sold and 
distributed throughout the Caribbean and Hawaiian Islands. Introductions continued both from 
the Caribbean/Hawaiian lineage and directly from South Asia until as late as 1979 (Simberloff et 
al. 2000; Hays and Conant 2007; Watari et al. 2008). Today, mongooses are found in more than 
60 mostly tropical island locales around the world (Long 2003; Barun et al. 2011). Mongooses 
are generalist predators and prey upon many non-pest species. Their generalism, together with 
their rapid reproductive rate and the lack of interspecific competition or predation on these 
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islands, has resulted in highly dense and invasive populations (Reviewed in Chapter 4). The 
IUCN Red List reports this species to be under the category of “Least Concern” on this basis. In 
their introduced range, mongooses are attributed with the population declines, island 
extirpations, and even extinctions of many endemic species (Nellis and Everard 1983; Hays and 
Conant 2007; Barun et al. 2011). In 2000, the IUCN named the mongoose as one of the 100 
worst invasive species on the planet (Lowe et al. 2000). Considerable management and research 
efforts have been undertaken to understand its ecology and behavior on islands in order to 
control populations and protect vulnerable, mongoose-targeted species, but the conclusion from 
these studies appears to be that eradication from most locations is not possible (Roy et al. 2002; 
Hays and Conant 2007; Barun et al. 2011). 
Despite such strong concerns about the ecology and behavior of the mongoose around the 
globe, very little is known about this species in its native range. Of the 21 studies published to 
date on the mongoose in its native range, 13 pertain mainly to anatomy or physiology (Khaparde 
1975; Mokkapati and Dominic 1977; Manna and Sarkar 1982; De et al. 1998; Taylor and 
Matheson 1999; Mowlavai et al. 2000; Dawood 2012; Mehmood et al. 2012; Rakhshandehroo et 
al. 2014; Sharifiyazdi et al. 2014; Kamali et al. 2015a; Kamali et al. 2015b; Mahmood et al. 
2015), three are reports of mongoose sightings (Shekar 2003; Al-Sheikhly and Mallon 2013; 
Altaf et al. 2014), and the remaining five provide preliminary ecological information based on 
scat collection and footprint and burrow counts (Siddiqui et al. 2003; Siddiqui et al. 2004; Rana 
et al. 2005; Mahmood et al. 2011; Mahmood and Adil 2016). Two of these latter studies 
(Siddiqui et al. 2003; Siddiqui et al. 2004) appear to be the same research study published in two 
different journals. Since the relevant concerns in the native and introduced ranges are opposed to 
each other, studies of mongoose ecology and behavior in its native range are particularly 
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necessary, and no number of studies in its introduced range can substitute. This point is 
highlighted by recent evidence that the mongoose has evolved substantially in morphology and 
changed in behavior following introduction (Owen and Lahti 2015, Chapter 3; Chapter 2; 
Chapter 4).  
Part of the challenge to an understanding of the mongoose in its native range is the fact 
that its taxonomic status has only recently been contested. Historically, the mongoose has been 
identified in the literature interchangeably as both Herpestes auropunctatus and H. javanicus, 
with a native range thought to extend from Iraq eastward through central Asia including northern 
India and southwestern China, into Southeast Asia, with an eastern boundary of southwestern 
Indonesia (Nellis 1989). Within the last decade, however, a phylogenetic analysis by Veron et al. 
(2007) using cytochrome b indicated that H. auropunctatus and H. javanicus are two distinct 
species: the small Indian mongoose (H. auropunctatus), and the larger Javan mongoose (H. 
javanicus). Later, Patou et al. (2009) confirmed this taxonomic distinction with both 
mitochondrial and nuclear genes, adding that the two species are likely allopatric with respective 
distributions meeting, but not overlapping, somewhere in Myanmar. Thus, the updated eastern 
border of the small Indian mongoose’s native range and the western border of the Javan 
mongoose’s range meet at this barrier, likely a river. Despite this new information, Nyakatura 
and Bininda-Emonds (2012) did not recognize this taxonomic distinction in their recent species-
level supertree of Carnivora. Further, Patou et al. (2009) recommended that due to the paraphyly 
of Herpestes, all Asian Herpestes should be referred to by a new genus, Urva. We follow this 
recommendation and refer to the small Indian mongoose as Urva auropunctata.  
In this study we provide basic morphological and ecological data on the small Indian 
mongoose in its native range. This information may provide part of the baseline data from which 
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to build an understanding of its conservation status in South Asia, and also might aid 
management and conservation efforts where mongooses are invasive by predicting which 
habitats and species are most at risk by their presence. These are the first direct data regarding 
mongoose external morphology and movement patterns in their native range. 
 
METHODS 
Study Areas 
From October 2013 to April 2014, mongooses were trapped in three locations in northern India: 
(1) Chandrabani, a village located on the edge of the city of Dehradun, the capital city of the 
state Uttarakhand, and the rural outskirts of (2) Jwalapur, Uttarakhand and (3) Saharanpur, Uttar 
Pradesh. These sites were chosen because they contain similar habitat types to what has been 
anecdotally described as those favored by the mongoose (Prater 1971): areas of residential 
buildings and commercial shops, partially completed and current construction projects, short-to-
high vegetation, agricultural fields, and forests.   
 
Trapping Protocol 
Personal surveys of village residents involving photographs of different mongoose species were 
conducted to help determine trap placement. Twenty 61 x 18 x 18 cm Havahart ® collapsible 
traps were placed opportunistically based on the results of these surveys and our estimation of 
mongoose habitat preference. A trapping grid was not logistically feasible due to the obstacles of 
theft and heavy trap disturbance by feral dogs. Thus, trap locations were also chosen to minimize 
detection, which may have limited our trapping success. Trapping locations included scrubland, 
agricultural fields, and residents’ yards and gardens. Traps were baited with small pieces of fresh 
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fish purchased at local markets and were covered to reduce heat stress. Traps were set at dawn, 
checked two to three times daily to avoid heat stress, and were closed at dusk to avoid capture of 
non-target animals. When a trap failed to capture a new individual mongoose for two to three 
days, the trap was reset in a new location. 
 
Morphological Measurements 
Once trapped, mongooses were placed into a breathable cotton bag tied at the end with a 
drawstring. Once in the bag, mongooses were immobilized by grabbing the scruff on the back of 
their necks and then tranquilized using 2.5 mg/kg Ketamine and 0.06 mg/kg Meditomedine 
administered intra-muscularly in the thigh with a 1 ml syringe (Kreeger 1996). Age (juvenile or 
adult) was determined by eruption and wear of teeth and development of genitalia. 
Measurements included mass; lengths of head (tip of nose to occipital bone), body (occipital 
bone to base of tail), tail, hind feet, and testis (their longest axis); head width, neck and chest 
circumferences, and canine diameters. Mass was measured with a 1 kg Pesola scale with 10 g 
units. Head, body, tail, and feet lengths were measured using a tape measure with 1 mm units. 
Head widths, testis lengths, and canine diameters were considered the mean of three 
measurements by digital calipers to 0.01 mm. Anal pad area was also estimated. Anal pads are 
fleshy projections surrounding the anus that are used in scent marking, and thought to be under 
sexual selection in males (Owen and Lahti 2015, Chapter 3; Chapter 1; Chapter 4). Following the 
methods of (Owen and Lahti 2015, Chapter 3; Chapter 4), a photograph of each mongoose’s anal 
pad was taken with a ruler inset in the photograph. To determine anal pad area, the area of 
hairless skin was isolated using Photoshop CS5, then the analysis feature was used to calculate 
anal pad area to the nearest 0.01 mm2; values entered into analyses were the mean of three 
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measurements. Additionally, tissue (ear punch) and fur samples were taken for future genetic 
analyses. 
 Upon completion of measurements, mongooses were placed back into traps until they 
regained consciousness and full movement, and then were released at the point of capture. 
 
Telemetry 
A total of 15 VHF radio collars were fastened to 17 mongooses from Chandrabani. Based on 
reported body size measurements of mongooses in the literature (albeit outside of the native 
range), five custom designed VHF collars (Sirtrack LTD®, Havelock North, New Zealand; pulse 
rate = 40 ppm, weight = 25 g) were purchased. These collars, unfortunately, proved to be too 
heavy and too large, as mongooses in India were found to be considerably smaller than those on 
introduced islands; collars weighed 5.2% of the average mongoose’s mass and were consistently 
removed by mongooses even at their tightest fastening notch. Therefore, we purchased 10 
additional custom designed collars (Advanced Telemetry Systems, Isanti, Minnesota; pulse rate 
= 30 ppm, weight 10 g), which were lighter and provided more appropriate neck circumferences. 
In two cases, recovered functioning collars were placed on newly caught individuals.  
 Tracking occurred between October 2013 and June 2014 as individuals were trapped. 
Two individuals were tracked until February and June 2015, respectively. Mongooses are 
diurnal, thus collared individuals were located at varying times of day from dawn to dusk using a 
three-element folding Yagin antenna and a hand-held receiver. The homing method was used to 
locate individuals (White and Garrot 1990). Specifically, individuals were located by following 
the radio signal until the signal strength indicated the mongoose was within 10 m of the observer. 
Then, to avoid influencing mongoose behavior, the observer encircled the source at this 10 m 
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distance to pinpoint the mongoose’s location. Using a GPS (Garmin Oregon 550t) and laser 
distance meter (Bushnell Scout 1000), fixes were estimated and recorded. Fixes were recorded 
two to five times a day for each individual, depending on the number of collared individuals at 
the time: the greater the number of individuals being tracked, the fewer fixes could be recorded 
per individual. Fixes were recorded, at minimum, three hours apart to avoid autocorrelation and 
were recorded at different times of the day to encompass an individual’s entire daily movements. 
Mongooses were tracked until death or when their collar’s signal was no longer found. 
Tracking data from only 10 mongooses, seven males and three females, were used in 
analyses due to death, too few fixes per individual, or collar loss or malfunction in the other 
seven individuals. Two of the collared males were juveniles that were caught together. These two 
were likely siblings because (1) they were caught in the same trap together, near which a female, 
likely their mother, was growling and repeatedly darted towards us from nearby bushes as we 
were anesthetizing the males; and (2) they were always found within one to five meters of each 
other when being located, along with an adult female. Attempts to capture and collar the female 
failed. One of the juvenile males was killed several weeks after being collared (collar was found 
with teeth marks, likely of a dog), and the other male’s signal was lost several weeks later. We 
therefore treated the fixes of these juveniles as those of their mother, an adult female, which we 
refer to as “Mom” in analyses. Thus, the final data analyses investigating movement patterns and 
habitat preferences included five adult males and four adult females. All individuals, aside from 
Mom, are referred to as “SIM” followed by an assigned number. 
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Analyses 
Morphology 
A Levene’s test of unequal variance was performed on all variables to test for homogeneity of 
variance between the sexes prior to all analyses. Two-tailed t-tests were used to determine 
morphological differences between the sexes, and paired t-tests were used to determine within-
sex differences in canine diameters and hind foot and testis lengths. Previous research has 
demonstrated that male but not female anal pads are both condition dependent and predicted by 
body size (Owen and Lahti 2015, Chapter 3), though the strength of these relationships differs by 
location (Chapter 4). Following the analyses of these studies, the residuals of an ordinary least-
squares (OLS) regression of total body length and mass were used as a metric of condition 
(Schulte-Hostedde et al. 2005; Edelman 2011; White et al. 2012). Condition-dependence was 
estimated by regressing these residuals against anal pad area. Additionally, a principal 
components analysis (PCA) was performed to reduce the number of variables. Degrees of sexual 
size dimorphism (SSD) were calculated as the mean male trait value divided by the mean female 
trait value. Analyses were carried out using SYSTAT version 10 (SPSS Inc., Chicago, IL) and R 
3.3.1. 
 
Home Range 
We estimated home range size of individual mongooses using minimum convex polygon (MCP; 
Mohr 1947) and fixed kernel (FK) estimation (Worton 1989) in Arc GIS 9.3. We estimated 
MCPs for comparison with previous studies while the FK estimation provide more realistic and 
accurate estimates of home range sizes and areas of core use. The FK home ranges were 
estimated with 5% increment isopleths from 5% to 95%. We then by plotted home range size vs. 
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kernel isopleths. The isopleth at which home range size shows inflection was identified as the 
isopleth depicting the core area of the home range (Powell 2000). 
 
Habitat Preference 
Topographical information (i.e., habitat types and boundaries) is not available for Chandrabani, 
so we manually digitized a Google Earth map of the area. After calculating home range sizes, a 
1.5 home range radius was added to the outermost fixes of a Google Earth map, encompassing 
all mongooses fixes. Within this area, we categorized surfaces into the following habitat types: 
(1) agricultural fields: a mixture of relatively short, low-cover agricultural plants such as 
soybeans, mustard, and small vegetables; (2) barren land: empty dirt fields usually cleared for 
construction; (3) domestic gardens: usually small business shacks or residents’ homes, and the 
areas immediately surrounding these buildings; (4) grass/shrub mixture; (5) forest; and (6) roads. 
A compositional analysis (Aebischer et al. 1993) was performed using the “compana” 
function in the R package “adehabitatHS” (Calenge 2006). This analysis first tests if individuals 
use habitats in proportion to their availability by controlling for an experiment-wise error rate set 
at an alpha of 0.05. Then, after rejecting the null hypothesis of no habitat preference, it calculates 
the proportion of fixes an individual was located within each habitat type relative to the total 
number of fixes it was found in all habitat types. It then sums this information across all animals, 
and ranks the habitats based on this summation into a matrix. The ranking matrix produced 
indicates whether the habitat type in a row is significantly used more or less than the habitat type 
in a column. 
To increase power for the analysis, males and females were grouped together (n = 9). 
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RESULTS 
Mongooses were strongly sexually dimorphic in all traits measured: males were heavier, had 
longer heads, bodies, tails, total body lengths, hind feet, neck and chest circumferences, wider 
canine diameters, and possessed larger anal pads than females (all t27.73-40 > 5.379, all P < 0.001; 
Table 2.1). No asymmetry was found between the left and right top or bottom canine diameters 
or hind foot lengths (all paired t18-22 < 1.111, all P > 0.279) for either sex, nor were there 
differences between the left and right testis lengths (paired t22 = 0.801, P = 0.431), thus only the 
left respective measurement is reported for these traits. Degrees of SSD were greatest for mass 
(1.45) and anal pad area (2.71). After controlling for total body length males were significantly 
heavier (t39 = 6.324, P < 0.001), possessed significantly larger anal pads (t31.33 = 13.264, P < 
0.001) with degrees of SSD of 1.28 and 2.41, respectively, and they possessed slightly larger 
neck circumferences (t39 = 2.384, P = 0.022; Table 2.2). Using these relative trait values, the 
sexes did not differ in any other trait, except in head length where female heads were 
significantly longer for a given body length than males (t21.84 = -2.764, P = 0.01). 
 Similar to a previous study of mongooses in Hawaii (Owen and Lahti 2015, Chapter 3), 
anal pads were condition dependent in males (F1,20 = 6.72, R2 = 0.25, P = 0.017) but not females 
(F1, 17 = 0.013, R2 = 0.001, P = 0.912; Figure 2.1). 
 The PCA revealed two principal components. PC1 loaded highly across all traits and 
explained over 78% of the variance, and thus we treated it as an overall estimate of body size. 
PC1 positively predicts anal pad size in males (F1,19 = 23.94, R2 = 0.56, P < 0.001) but not 
females (F1,17 = 1.76, R2 = 0.09, P = 0.214; Figure 2.2). 
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Table 2.1. Raw trait values and degrees of sexual size dimorphism (SSD) in the small Indian mongoose (Urva auropunctata) 
in Chandrabani, Dehradun, Uttarakhand, India. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
23 559.48 61.70 
 
19 385.00 62.04 
 
9.099*** 
 
1.45 
Head (mm)^ 
 
23 81.35 2.46 
 
18 75.79 4.22 
 
5.069*** 
 
1.07 
Head width (mm) 
 
23 29.95 1.12 
 
18 25.96 2.01 
 
9.781*** 
 
1.15 
T Canine (mm) 
 
23 2.92 0.12 
 
19 2.52 0.17 
 
9.038*** 
 
1.16 
B Canine (mm) 
 
22 2.21 0.14 
 
19 1.88 0.19 
 
6.296*** 
 
1.17 
Neck (mm) 
 
23 112.91 5.40 
 
19 95.42 7.24 
 
8.719*** 
 
1.18 
Chest (mm) 
 
23 140.44 7.78 
 
19 118.90 10.09 
 
7.621*** 
 
1.18 
Body (mm) 
 
23 338.17 13.16 
 
18 298.11 14.31 
 
9.434*** 
 
1.13 
Tail (mm) 
 
23 239.74 12.44 
 
18 213.22 10.45 
 
7.255*** 
 
1.12 
Total Length (mm) 
 
23 577.91 20.74 
 
18 512.06 21.80 
 
9.868*** 
 
1.13 
Hind foot (mm) 
 
23 49.88 1.67 
 
19 43.58 1.25 
 
13.996*** 
 
1.14 
Anal pad (mm2)^ 
 
23 208.64 41.47 
 
19 76.99 16.72 
 
13.842*** 
 
2.71 
Testis (mm)   23 12.94 1.16                 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001. 
^Trait with unequal variance. 
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Table 2.2. Relative (i.e., corrected for total body length) trait values and degrees of sexual size dimorphism (SSD) in the small 
Indian mongoose (Urva auropunctata) in Chandrabani, Dehradun, Uttarakhand, India. 
  
Male 
 
Female 
        n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
23 0.967 0.094 
 
19 0.758 0.121 
 
6.165*** 
 
1.28 
Head (mm)^ 
 
23 0.141 0.005 
 
18 0.150 0.013 
 
-2.764* 
 
0.94 
Head width (mm) 
 
23 0.052 0.002 
 
19 0.048 0.012 
 
1.364 
 
1.08 
T Canine (mm) 
 
23 0.502 X 10-2 0.031 X 10-2 
 
19 0.494 X 10-2 0.038 X 10-2 
 
0.910 
 
1.02 
B Canine (mm) 
 
22 0.381 X 10-2 0.027 X 10-2 
 
19 0.368 X 10-2 0.035 X 10-2 
 
1.299 
 
1.05 
Neck (mm) 
 
23 0.195 0.009 
 
19 0.188 0.012 
 
2.323* 
 
1.04 
Chest (mm) 
 
23 0.243 0.014 
 
19 0.234 0.016 
 
1.959 
 
1.04 
Body (mm) 
 
23 0.585 0.013 
 
18 0.584 0.011 
 
0.426 
 
1.00 
Tail (mm) 
 
23 0.415 0.013 
 
18 0.416 0.011 
 
-0.426 
 
1.00 
Hind foot (mm)^ 
 
23 0.086 0.002 
 
19 0.086 0.004 
 
0.375 
 
1.00 
Anal pad (mm2)^ 
 
23 0.364 0.068 
 
19 0.151 0.030 
 
13.264*** 
 
2.41 
Testis (mm)   23 0.022 0.002                 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001; *, P < 0.05. 
^Trait with unequal variance. 
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Figure 2.1. Linear regression of male and female anal pad area in the small Indian mongoose 
(Urva auropunctata) in Chandrabani, Dehradun, Uttarakhand, India. Condition is represented as 
the residuals from a regression of mass on total body length. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2. Linear regression of anal pad area against principal component 1 (PC1; body size) in 
male and female small Indian mongooses (Urva auropunctata) in Chandrabani, Dehradun, 
Uttarakhand, India. 
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Home range 
The list of individual mongoose home range sizes, core areas, and number of fixes are presented 
in Table 2.3. The average number of fixes per individual was 193.67. This number is largely 
driven by three individuals (Mom, SIM13, and SIM16) that were each located more than 250 
times; the range of fixes for the remaining six individuals was 50 to 92. The 75% fixed kernel 
isopleth showed inflection and was thus identified as the core area. Male home range size ranged 
from 3.88 to 9.00 ha with an average of 6.33 ha and a core area of 2.52 ha (Figure 2.3). Female 
home range size ranged from 3.5 to 23.79 ha with an average of 10.73 ha and a core area of 4.60 
ha. Home ranges overlapped considerably both within and between sexes when individuals were 
in close proximity to each other (Figure 2.3; Table 2.4). The mean pairwise percent of overlap 
was 51.33% and ranged from 2 to 96%. 
 
Table 2.3. Home ranges of radio-collared small Indian mongooses (Urva auropunctata) as 
determined by minimum convex polygon (MCP) and fixed kernel (FK) estimators in 
Chandrabani, Dehradun, Uttarakhand, India. 
Sex ID   MCP (ha) 95 % FK (ha) 75% FK (ha)   # of Fixes 
Fe
ma
le Mom  
6.53 3.50 1.72 
 
269 
SIM13 
 
15.94 5.62 1.52 
 
449 
SIM16 
 
34.82 23.79 9.95 
 
622 
SIM19 
 
7.21 10.03 5.20 
 
59 
 
       
M
ale
 
SIM1 
 
10.74 7.46 2.97 
 
92 
SIM11 
 
10.85 6.98 2.29 
 
74 
SIM15 
 
3.32 4.33 1.74 
 
63 
SIM17 
 
5.54 3.88 1.77 
 
65 
SIM18   7.01 9.00 3.82   50 
Note: "Mom" denotes an adult female represented by the movements of her juvenile 
offspring. 
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Table 2.4. Percent pairwise overlap of 95% fixed kernel home ranges of the small Indian 
mongoose (Urva auropunctata) in Chandrabani, Dehradun, Uttarakhand, India. Values 
represent the proportion of the individual in the row's home range that overlaps with the 
individual in the column's home range. 
    Female   Male 
  ID Mom SIM13 SIM16 SIM19   SIM1 SIM11 SIM15 SIM17 SIM18 
Fe
ma
le Mom 100     
96 94 
   SIM13 
 
100 89 34 
     
18 
SIM16 
 
21 100 38 
     
32 
SIM19 
 
19 90 100 
     
76  
           
M
ale
 
SIM1 45 
    
100 56 
   SIM11 22 
    
60 100 
 
2 
 SIM15 
       
100 
  SIM17 
      
4 
 
100 
 SIM18   11 86 85           100 
 
Habitat preferences 
The compositional analysis revealed that mongoose habitat use was significantly different from 
habitat availability, and that mongooses showed a significant preference for some habitat types 
over others (Wilks lambda = 0.065, P = 0.028; Table 2.5). Specifically, they were found most 
often along roads and in bush and scrubland surrounding buildings and residents’ homes, and 
least often in forested or barren land. 
 
DISCUSSION 
Morphology 
The several populations of small Indian mongoose in northern India exhibit a high degree of 
sexual dimorphism, mirroring previous studies. Male trait values were significantly higher than 
those of females in every morphological category, with most degrees of SSD ranging from 1.07 
to 1.18; however, sexual dimorphism in mass and anal pad are greatest, at 1.45 and 2.71, 
respectively. The majority of differences between the sexes are isometric. However, two traits  
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Figure 2.3. Home ranges (95% fixed kernel) of radio-collared small Indian mongooses (Urva 
auropunctata) in Chandrabani, Dehradun, Uttarakhand, India. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
stand out as more dimorphic than the others, their significance remaining after controlling for 
body length: males were 28% heavier and possessed anal pads that were 141% larger than 
females, beyond that expected by body length. Male but not female anal pads were condition 
dependent and positively related to body size, providing further evidence that the anal pad is 
under sexual selection in males (Owen and Lahti 2015, Chapter 3; Chapter 1; Chapter 4). 
 Differences in morphology between the native range and introduced range are discussed 
elsewhere (Chapter 1; Chapter 4).  
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Table 2.5. Ranking matrix of a compositional analysis of small Indian mongoose (Urva auropunctata) habitat 
preference in Chandrabani, Dehradun, Uttarakhand, India. The matrix indicates whether the habitat type in a row 
is significantly used more or less than the habitat type in a column (Wilks lambda = 0.066, P = 0.028). 
  Road Grass/shrub Garden Agricultural field Barren land Forest   Rank 
Road 0 + +++ +++ +++ +++   1 
Grass/shrub - 0 + +++ +++ +++   2 
Garden --- - 0 + +++ +++   3 
Agricultural field --- --- - 0 + +   4 
Barren land --- --- --- - 0 +   5 
Forest --- --- --- - - 0   6 
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Home Range 
Atypical of most mammals, average home range size was larger in females than males; however, 
this result is largely driven by a single female (SIM16) whose home range of 23.79 ha was more 
than twice as large as any other individual. A possible explanation stems from the wide variation 
in total number of fixes across individuals. Most individuals either died or dispersed, or their 
collar malfunctioned or its battery died, and thus most individuals were only located between 50-
100 times. In contrast, we collected 622 fixes for SIM16, and typically, a higher number of fixes 
translates into larger home range estimates (White and Garrot 1990). However, another female, 
SIM13, was located 449 times, the second most of all individuals, and her home range was only 
5.62 ha. Thus, it is unclear why SIM16 had such a large home range. While sample sizes are low, 
excluding SIM16 from a calculation of mean female home range size reveals that male and 
female home ranges and core areas are similar: males: home range: 6.33 ha, core area: 2.52 ha; 
females: home range: 6.38 ha, core area: 2.81 ha. 
 Over the past 70 years, mongoose movement patterns have been investigated on several 
tropical islands in their introduced range with estimates ranging from as small as 0.75 ha to as 
large as 191 ha (Pimentel 1995, Keith et al. 1990; Hays 1990; Roy et al. 2002; Pitt et al. 2015; 
Reviewed in Chapter 1). These figures were estimated through many different methods, from 
data that were collected in various habitats including public parks, open and forested nature 
preserves, agricultural land, and military bases. The study sites also vary in proximity to urban 
areas, which is known to be a strong influence on the home range sizes of carnivores (Salek et al. 
2015). Therefore, while our home range estimates are closer to the lower end of the distribution 
of known home range sizes for the mongoose, even when including SIM16’s large home range, 
any speculation regarding the relationship between home range size and location (i.e., native vs. 
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introduced range) is unlikely to be fruitful until comparable studies are performed in multiple 
locations in the native range. 
 From data collected in their introduced range, mongooses are routinely categorized as 
solitary and non-territorial (Nellis and Everard 1983; Roy et al. 2002; Pitt et al. 2015), and our 
findings support these claims for the native range as well. Over the course of our data collection, 
individuals were almost never located in close proximity (i.e., 25-50 m) to another individual. 
This conclusion must be viewed with caution, however, as we cannot be certain that we trapped 
and collared all individuals in the area. Other individuals could have been near the mongooses 
we were tracking. Despite this apparent spacing of individuals, mongooses showed a high degree 
of home range overlap, both within and between sexes. Our results mirror those of several other 
studies that have investigated mongoose movement patterns (Roy et al. 2002; Hays and Conant 
2003; Pitt et al. 2015), suggesting non-territoriality in this species. 
 
Habitat preference 
Mongooses in our study preferred areas of high human habitation and avoided forested and 
empty land. These results are similar to those of Mahmood et al. (2011) who estimated a higher 
population density of mongooses in Pakistan near poultry farms than in uncultivated areas. Given 
that mongooses are generalist omnivores, consuming the most abundant food source available, 
preferred areas are likely favored for their access to anthropogenic food sources. Mongooses in 
our study were found most often along roads and the grass/shrub fields between roads and 
buildings. Most roads in Chandrabani are lined, on both sides, with shallow, uncovered troughs 
that collect rain and sewage runoff, and where passersby often throw waste. The troughs are not 
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landscaped, which allows for mongooses to scavenge refuse while remaining relatively 
undetected through the tall grass and shrubs. 
When mongooses were located in early morning and late evening hours, they were often 
found in naturally formed rock and vegetative crevices, or in shallow burrows dug underneath 
neighborhood garbage dumps. Residents from several to a dozen homes dump their waste in a 
single location, creating large heaps. Mongooses appear to treat these heaps as food sources and 
sleep under them. In fact, when retrieving several of the collars that mongooses removed, all but 
one (n = 4) was found in these heaps. 
Our finding that mongooses avoided forested areas contrasts with estimates of their 
habitat preferences in their introduced range, most of which is comprised of tropical islands. 
Mongooses have been trapped in almost any habitat type on these islands, from thick rainforest 
to sugarcane fields to dry desert scrubland to urban areas (Nellis and Everard 1983; Hoagland et 
al. 1989; Roy et al. 2002). However, because mongooses in their introduced range are released 
from interspecific competition and predation, these habitat preference estimates probably 
represent their fundamental niche, in the absence of competition, whereas our results 
demonstrate their realized niche. Indeed, in Chandrabani, mongooses are sympatric with the 
larger common mongoose (U. edwardsii). Some common mongooses were also trapped and 
collared during this study, but too few fixes and a low sample size did not allow for a 
comparison of habitat use between species.  
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CHAPTER 3 
Sexual dimorphism and condition dependence in the anal pad of the small Indian 
mongoose (Urva auropunctata) 
Altered from: Owen, M.A. and Lahti, D.C. 2015. Canadian Journal of Zoology. 93:397-402. 
 
ABSTRACT 
Secondary sexual traits tend to be sexually dimorphic, and theory predicts that such traits should 
also be condition-dependent in a sex-specific manner. We investigate these phenomena in a field 
study of the small Indian mongoose (Urva auropunctata, formerly Herpestes auropunctatus), in 
the first attempt at understanding secondary sexual traits and sexual selection in this species. 
Small Indian mongooses are solitary and nonterritorial, and they likely depend on chemical 
(scent) rather than visual or acoustic signals for communication. Additionally, they possess a 
fleshy projection around their anus, the anal pad, thought to aid in scent marking. Our results 
revealed strong male-biased sexual dimorphism in mass, head and body lengths, canine 
diameters and anal pad area. After controlling for the influence of body length, males were 31% 
heavier and possessed anal pads that were 68% larger than females. Additionally, anal pad size 
was positively related to body size in males but not females, and was condition-dependent in 
males but not females. Taken together, our findings provide indirect evidence that the anal pad 
might have evolved, at least in part, via sexual selection.  
 
INTRODUCTION 
Sexual selection favors the evolution of traits that aid in competing for and acquiring mates 
(Darwin 1871). This process often results in substantial trait sexual dimorphism, for instance 
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secondary sexual traits that are only possessed by one sex or that are larger in one sex than the 
other. According to sexual selection theory, such traits are also predicted to be costly or 
otherwise impossible for individuals in poor condition to exhibit, thus functioning as honest 
indicators in a mate choice or competition context (Johnstone 1995; Searcy and Nowicki 2005). 
Therefore, the expression of sexually selected traits should correlate positively with individual 
condition (Maynard Smith 1991; Bonduriansky 2007; Emlen et al. 2012). Furthermore, the 
degree of condition dependence should correlate with sexual dimorphism, because the trait value 
of one sex (usually females) is expected to remain at the trait optimum whereas sexual selection 
should displace the trait from it in the other sex (Bonduriansky 2007). In light of these 
considerations, we might predict that a putative sexually selected trait should be both sexually 
dimorphic and condition-dependent. 
We test these predictions in the small Indian mongoose (Urva auropunctata, formerly 
Herpestes auropunctatus, hereafter mongoose), a diurnal carnivore best known for its status as 
one of the 100 worst invasive species on earth (Lowe et al. 2000). This South Asian native was 
introduced to the Caribbean and Hawaiian Islands in the late 1800s to control agricultural pests, 
but quickly multiplied out of control (Thulin et al. 2006; Hays and Conant 2007). This species 
appears to be an extreme dietary generalist (Gorman 1975; Hays and Conant 2007) with a 
solitary social system (Nellis 1989; Hays and Conant 2003), and demonstrates high degrees of 
both inter- and intrasexual home range overlap, suggesting a lack of territoriality (Gorman 1979; 
Roy et al. 2002; Chapter 1; Chapter 2). Nothing is known of mate choice or competition in the 
mongoose, but semi-captive studies indicate that they are promiscuous and that males provide no 
parental care (Nellis and Everard 1983; Schneider and Kappeler 2014). In such mating systems, 
sexual selection generally favors males with larger bodies or elaborate weapons (Andersson 
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1994). These traits often function in resource or territory defense or in competition for access to 
females (Haley et al. 1994; Kruuk et al. 2002; Plavcan and Ruff 2008; Stankowich 2012). 
Alternatively, although understudied, females may also prefer such traits (Charlton et al. 2007; 
Clutton-Brock and McAuliffe 2009). Studies of wild populations and museum specimens suggest 
that male mongooses are indeed larger than females (Nellis and Everard 1983; Simberloff et al. 
2000; Chapter 1; Chapter 2; Chapter 4), suggesting that either males do compete for females or 
that females prefer larger males. However, since these animals are not territorial, the ways in 
which males compete for females or how females choose males are unknown. One possibility is 
that males advertise themselves to other males or to females by marking objects in their home 
range. 
Traditionally, scent marking in mammals was thought to be a territory identification tool, 
but the challenge to the universality of this function is now several decades old (Johnson 1975; 
Burger 2005). More recent evidence has revealed the importance of scent marks in the 
advertisement of individual status, quality, and condition (Rich and Hurst 1998; Gosling and 
Roberts 2001). Females can mark to advertise their sexual receptivity status, and males use 
marks both for intrasexual competition and intersexual advertisement (Johansson and Jones 
2007). In meadow voles (Microtus pennsylvanicus), for instance, males attend more to a mark 
placed by a female in postpartum estrus than one placed by a female not in postpartum estrus 
(Ferkin et al. 2004). Salmonella-infected male house mice (Mus musculus) reduce the frequency 
of marking compared to uninfected males, and infection reduces the attractiveness of a male’s 
mark to females (Zala et al. 2004). 
 No studies have characterized the marking behavior of the mongoose, but scent 
communication is likely of particular importance due to its solitary nature: interactions with 
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conspecifics might be rare, resulting in the limited utility of visual and auditory communication. 
Individual mongooses can distinguish each other by scent alone (Gorman 1976), and their marks 
can be detected for up to 14 days (Gorman et al. 1974). The mongoose possesses a pair of anal 
glands, like other members of its family (Herpestidae) and many other mammals (Thiessen and 
Rice 1976). Both sexes possess these glands, as well as a fleshy hairless pad around the anus, the 
anal pad. The anal glands produce a secretion containing saturated carboxylic acids formed by 
bacterial action on sebum and apocrine products; this secretion is applied to a surface with the 
aid of the anal pad (Gorman et al. 1974; Nellis and Everard 1983; Nellis 1989). The possible 
reproductive relevance of this marking system has not been studied in Herpestes, except for the 
discovery that the male secretion of the Egyptian mongoose (H. ichneumon) contains one 
chemical not found in the secretion of females (Hefetz et al. 1984). In the more distantly related 
banded mongoose (Mungos mungo), marking and subsequent overmarking with the anal glands 
are associated with mate-guarding by males earlier in life, and mate-guarding is positively 
related to reproductive success (Jordan et al. 2011). Furthermore, in many mammals, anal glands 
are larger in males than in females (e.g., European badger, Meles meles (Kruuk et al. 1984); 
Japanese vole, Microtus montebelli (Umeda et al. 1993); and Eurasian beaver, Castor fiber 
(Rosell and Schulte 2004), and this dimorphism appears to be associated with more frequent 
marking by males than females.  
 If the scent marking system of the mongoose is used in sexual advertising, we might 
predict that males mark more frequently than females and that females differentiate males based 
on these marks. However, their solitary nature and apparent lack of territoriality pose challenges 
to direct behavioral observation. Therefore, as a proxy, we investigated the scent marking 
apparatus of the mongoose in an introduced population in Hilo, Hawaii, in the first attempt to 
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understand secondary sexual traits and sexual selection in this species. Specifically, we predicted 
that both anal glands and pads will be larger in males than in females. Moreover, since Nellis and 
Everard (1983) and Simberloff et al. (2000) have already demonstrated sexual size dimorphism 
in the mongoose, we must distinguish possible sexual selection on body size from that on the 
marking system. Therefore, we predicted that anal gland and pad sizes remain larger in males 
than females after controlling for body size. We also predicted that both the anal glands and pads 
will be condition-dependent in males but not females.  
 
METHODS 
Trapping site and methods 
In June 2012, mongooses were trapped for removal within the rainforest and high grasslands 
surrounding the Keaukaha Military Reservation in Hilo, HI. A total of 25 small (43 x 18 x 18 
cm) and medium (61 x 18 x 18 cm) Havahart® traps were used. Each trap was baited with fresh 
sardines and water in separate containers, and was covered with lengths of cardboard to reduce 
animal stress. Traps were set at dawn and checked the following morning. Traps were placed 
approximately 10-20 m apart, along dirt paths at the tree line in the forest and under shade and 
high brush within grasslands.  Unsuccessful traps for each day were rebaited, and some were 
moved to another location. Successful traps were not reset that day, but were set the following 
day during that morning’s trap check. Catch locations and location conditions were noted and 
used to determine subsequent trap placement so as to maximize capture rate. The average daily 
trap success rate was 48%. On two occasions a feral cat was caught and taken to a local animal 
shelter. 
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Morphological measurements 
Mongooses were collected for removal by the United States Department of Agriculture Animal 
and Plant Health Inspection Service (USDA-APHIS). Upon arrival at the field station, 
individuals were sacrificed using a custom-built CO2 chamber and each was placed in its own 
plastic bag until processing. Mass, head, body (including and excluding tail), and tail lengths, 
and the diameter of all four canines were measured for each mongoose within 12 hours of 
sacrifice. Canine diameters were measured to test for intersexual differences in fluctuating 
asymmetry as this has been suggested to be an indication of sexual selection in carnivores 
(Badyaev 1998; Pertoldi et al. 2003). Mass was measured using a digital scale to 0.001g. Body 
and tail lengths were measured with a tape measure to 0.1 mm. Both head length (tip of the nose 
to the occipital bone) and canine diameters (measured at their widest axes) were measured using 
digital calipers to 0.01 mm. Measurements recorded with digital calipers were taken three times 
and averages were used in analyses. To determine anal pad area, photographs of each 
mongoose’s anal pad were taken with a ruler inset in the photograph (Chapter 2; Chapter 4). 
After isolating the area of hairless skin of each photograph, the analysis feature of Photoshop 
CS5 was used to calculate anal pad area to 0.01 mm2. Only the area of hairless skin was included 
in this measurement; the gap of the anus itself was excluded.  
 Due to time constraints resulting from the high number of animals requiring processing 
each day, anal glands from only 75% of the mongooses were removed and examined. The anal 
glands are located immediately anterior to the anus, and they attach to the opening of the anus 
via a connective duct. Anal gland volume was calculated in similar fashion to the area of the anal 
pad, but two photographs of each gland were taken to obtain lengths in all three axes, where the 
first photograph was used for the x- and y-axes and the second was used for the z-axis. 
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Data analysis 
Analyses were performed using SYSTAT 10 (SPSS Inc., Chicago, IL, U.S.A.).  Prior to 
analyses, a Levene’s test of unequal variance was performed on all variables to test for 
homogeneity of variance between the sexes. Analyses included two-tailed t-tests to determine 
differences between sexes in morphological traits, and paired two-tailed t-tests to determine 
within-sex differences in canine diameter.  Linear regressions and simple correlation analyses 
were used to test for relationships among morphological characters within a sex and to determine 
the relationship between morphological features and anal pad area and volume. The residuals of 
an ordinary least-squares (OLS) regression of total body length and mass were used as a metric 
of condition (Chapter 2; Chapter 4). This is a widely used proxy for condition that assumes that 
individuals with higher energetic reserves are in better condition (Schulte-Hostedde et al. 2005; 
Edelman 2011; White et al. 2012). That is, individuals that are heavier for a given body length 
are assumed to be in better condition than those that weigh less for the same body length. 
Condition dependence of anal gland volume, anal pad area and canine diameters was assessed by 
regressing the residuals of the total body length and mass regression against the measured values 
for each trait. Additionally, since several variables were correlated, a principal components 
analysis (PCA) was performed to reduce the number of variables. Degrees of sexual size 
dimorphism (SSD) were calculated as the mean male trait value divided by the mean female trait 
value.  
 
Ethical Note 
The work performed in this study conforms to the legal requirements of the United States 
Department of Agriculture. Mongoose capture and euthanasia were performed by the USDA-
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APHIS, i.e. the animals were not collected for research purposes. Disposal was approved by 
USDA-APHIS WS SOP #AC 005.00.We were granted access to the animals posthumously. 
 
RESULTS 
During eight days of trapping (123 trap days), 25 female and 34 male mongooses were caught.  
Three females were pregnant with well-developed fetuses.  Excluding the pregnant females did 
not qualitatively affect the outcome of analyses, so they were included. Two juveniles were 
caught, and excluded from analysis.   
As predicted, mongooses were sexually dimorphic in all traits measured: males were 
heavier, had longer heads, bodies, and tails, a longer total body length, larger canine diameters, 
and larger anal pads than females, with degrees of SSD being greatest for mass (1.44) and anal 
pad area (1.83) (all t48-55 > 3.80, all P < 0.001; Table 3.1). After controlling for total body length, 
males were still heavier (t54 = 8.24, P < 0.001) and had larger anal pads (t55 = 8.17, P < 0.001) 
than females, with degrees of SSD of 1.31 and 1.68, respectively; however, they did not differ in 
any other trait (Table 3.2). After controlling for mass, males were still larger than females in anal 
pad area (t55 = 3.60, P = 0.001), but females were proportionally larger in all other 
morphological traits (all t48-55 > 6.00, all P < 0.001). In both sexes, head length positively 
predicted both total body length (male: F1,31 = 4.73, R2 = 0.13, P = 0.037; female: F1,19 = 4.81, R2 
= 0.20, P = 0.041) and mass (males: F1,31 = 19.78, R2 = 0.39, P < 0.001; females: F1,21 = 8.26, R2 
= 0.28, P = 0.009). Total body length positively predicted mass in males (F1,31 = 12.27, R2 = 
0.28, P = 0.001) but not females (F1,16 = 0.160,  R2 = 0.1, P = 0.695). Additionally, mass was 
positively related to anal pad area in males (Pearson’s r = 0.36, N = 34, P = 0.037) but not 
females (Pearson’s r = 0.05, N = 23, P = 0.814). 
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Table 3.1. Raw trait values and degrees of sexual size dimorphism (SSD) in the small Indian mongoose (Urva 
auropunctata) in Hilo, Hawaii. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
34 618.67 68.02 
 
23 430.58 62.88 
 
10.554*** 
 
1.44 
Head (mm) 
 
34 67.83 1.86 
 
23 63.10 2.12 
 
8.903*** 
 
1.07 
LT Canine (mm) 
 
32 3.02 0.20 
 
20 2.73 0.16 
 
5.586*** 
 
1.11 
RT Canine (mm)  31 3.05 0.19  21 2.72 0.11  7.780***  1.12 
LB Canine (mm) 
 
29 2.89 0.21 
 
22 2.63 0.27 
 
3.884*** 
 
1.10 
RB Canine (mm) 
 
32 2.79 0.20 
 
21 2.46 0.27 
 
5.183*** 
 
1.13 
Body (mm) 
 
34 343.03 17.68 
 
23 309.17 14.21 
 
7.655*** 
 
1.11 
Tail (mm) 
 
33 248.55 11.72 
 
23 231.44 15.08 
 
4.776*** 
 
1.07 
Total Length (mm)^ 
 
33 590.55 23.06 
 
21 546.29 15.40 
 
8.454*** 
 
1.08 
Anal pad (mm2)^   34 142.23 29.82   23 77.85 17.07   10.334***   1.83 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001. 
^Trait with unequal variance. 
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Table 3.2. Relative (i.e., corrected for total body length) trait values and degrees of sexual size dimorphism (SSD) in the 
small Indian mongoose (Urva auropunctata) in Hawaii. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
33 1.046 0.103 
 
23 0.798 0.121 
 
8.244*** 
 
1.31 
Head (mm) 
 
33 0.115 0.005 
 
23 0.117 0.004 
 
-1.577 
 
0.98 
LT Canine (mm) 
 
32 0.513 X 10-2 0.039 X 10-2 
 
21 0.498 X 10-2 0.027 X 10-2 
 
1.481 
 
1.03 
RT Canine (mm)  31 0.519 X 10-2 0.036 X 10-2  22 0.496 X 10-2 0.026 X 10-2  1.268  1.04 
LB Canine (mm) 
 
28 0.493 X 10-2 0.042 X 10-2 
 
22 0.487 X 10-2 0.033 X 10-2 
 
0.490 
 
1.01 
RB Canine (mm) 
 
31 0.475 X 10-2 0.042 X 10-2 
 
21 0.453 X 10-2 0.037 X 10-2 
 
1.821 
 
1.05 
Body (mm) 
 
33 0.579 0.014 
 
23 0.572 0.016 
 
1.700 
 
1.01 
Tail (mm) 
 
33 0.421 0.014 
 
23 0.428 0.016 
 
-1.700 
 
0.98 
Anal pad (mm2)   33 0.242 0.051   23 0.144 0.031   8.170***   1.68 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001. 
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Anal pad area was condition dependent in males (F1,31 = 5.83, R2 = 0.16, P = 0.022) but 
not females (F1,18 = 1.84, R2 = 0.01, P = 0.657; Figure 3.1). For males, the bottom right canine 
showed a positive relationship with condition (F1,29 = 4.65, R2 = 0.14, P = 0.039), but none of the 
other canines showed any relationship (All F1,25-28 < 3.81, R2 < 0.12, P > 0.06). For females, 
there was no relationship between any canine diameter and condition (All F1,14-16 < 0.59, R2 < 
0.04, P > 0.453). 
 Due to the numerous correlations found between traits, a PCA was performed to reduce 
the number of variables. All measured traits with the exception of anal gland volume (explained 
below) and anal pad area were included in the PCA. PC1 loaded highly across all traits and 
explained over 60% of the variance (Table 3.3), and thus it can be considered a general measure 
of body size. PC2 loaded positively on major body traits (mass, head, body, and tail lengths) and 
negatively on teeth diameters, and explained less than 17% of the variance (Table 3.3). Due to a 
large number of mongooses with at least one missing tooth (n = 16) and one male missing a tail, 
the sample available for analyses with the principle components was greatly reduced. 
Nevertheless, PC1 (body size) positively predicted anal pad area in males but not females 
(males: F1,23 = 5.20, R2 = 0.18, P = 0.032; females: F1,13 = 0.40, R2 = 0.03, P = 0.536; Figure 3.2) 
whereas PC2 (teeth) was not significantly related to anal pad area in either sex (males: F1,23 = 
0.168, R2 = 0.01, P = 0.686; females: F1,13 = 0.313, R2 = 0.02, P = 0.585). 
No comparison between male and female anal glands could be performed because a 
majority of the males possessed abnormal glands. Normal, healthy anal glands are filled with a 
brown paste formed from dead epidermal cells mixed with sebaceous and apocrine gland 
secretions (Gorman et al. 1974). All measured female anal glands were normal, but 88% of the 
males had at least one gland that was misshapen, visibly swollen and filled with pus (Table A4).  
  
97 
Table 3.3. Results of a principal components analysis on morphological characters of small Indian 
mongooses (Urva auropunctata) in Hilo, Hawaii.  
      Eigenvector of morphological trait 
Principal 
component Eigenvalue 
Variation 
explained (%) Body Mass Head Tail 
LB 
Canine 
LT 
Canine 
RB 
Canine 
RT 
Canine 
PC1 4.81 60 0.37 0.39 0.40 0.25 0.30 0.39 0.32 0.38 
PC2 1.33 17 0.37 0.17 0.23 0.47 -0.56 -0.12 -0.46 -0.15 
Note: L, left; R, right; B, bottom; T, Top. 
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Figure 3.1. Linear regression of male and female anal pad area in the small Indian mongoose 
(Urva auropunctata) in Hilo, Hawaii. Condition is represented as the residuals from a regression 
of mass on total body length. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2. Linear regression of anal pad area against principal component 1 (PC1; body size) in 
male and female small Indian mongooses (Urva auropunctata) in Hilo, Hawaii. 
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Among the 25 males whose glands were measured, 18 possessed two abnormal anal glands, four 
possessed one abnormal and one normal anal gland, and three possessed two normal anal glands. 
The abnormal glands appeared characteristic of the common ailment of dogs and house cats 
termed anal sac (gland) disease (Washabau and Brockman 1995; Hedlund and Fossum 2007). In 
these pets, anal sac (gland) disease is a result of inflammation, infection (sacculitis), or an 
accumulation of anal sac contents (impaction) due to an obstruction of the duct connecting the 
gland to the exterior of the body. As a result of the heterogeneity in male anal gland contents, 
anal gland volume could not be used as a correlate with other morphological traits for males. 
Among females however, the collective volume of both anal glands was not correlated with any 
trait except for a weakly positive relationship with total body length (Pearson’s r = 0.39, N = 23, 
P = 0.096). Anal gland volume also was not related to condition in females (F1,13 = 0.724, R2 = 
0.05, P = 0.410). To determine whether the diseased anal glands influenced the size of male anal 
pads, the anal pads of males that possessed at least one normal anal gland (N = 7) were 
compared to those of males that possessed only diseased anal glands (N = 18). Although the 
sample sizes were small, the health of the anal gland was not related to anal pad area (t23 = 1.24, 
P = 0.227). That is, the infected, swollen glands did not appear to be influencing anal pad area. 
Both sexes exhibited asymmetry between the left and right canines. In both sexes, the 
upper two canines did not differ in diameter (males: paired t29 = 0.015, P = 0.988; females: 
paired t17 = 0.586, P = 0.566); however, the bottom left canine possessed a significantly wider 
diameter in both sexes than the bottom right canine (males: paired t27 = 4.02, P < 0.001; females: 
paired t18 = 5.56, P < 0.001). 
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DISCUSSION 
The Hawaiian population of the small Indian mongoose (Urva auropunctata) is highly sexually 
dimorphic in size, corroborating earlier findings from other areas of introduction (Nellis and 
Everard 1983; Simberloff et al. 2000), and in several morphological traits. Males are larger than 
females in mass, head and body length, canine diameter, and anal pad area. Only the anal pad 
and mass remained larger in males after controlling for body length, with males being nearly 
one-third more massive and possessing anal pads more than two-thirds larger than females. 
Moreover, anal pad size is predicted by body size (PC1) in males but not females, and is 
condition-dependent in males but not in females. Together, these finding suggest that sexual 
selection has played a role in the evolutionary history of the anal pad. The scent marking system 
of the mongoose appears to function in communication for mate acquisition, either between 
males or from males to females or both. 
The overall larger size of males than females is common in mammals, usually owing to 
male competition for mates or territories, sometimes augmented by female choice of larger males 
(Darwin 1871; Clutton-Brock and McAuliffe 2009). Hyperallometry in the male anal pad, 
indicating male-specific or at least male-biased function, requires a more specific explanation. 
Previous studies have speculated that the anal pad aids in spreading scent from the anal glands 
(Gorman et al. 1974; Nellis and Everard 1983; Nellis 1989). This explanation is plausible 
considering the proximity of the fleshy projection to the scent-producing glands. Less clear is 
why these animals would need an external tool to aid in marking when many other mammals 
mark without one, and why it is markedly larger in males than females even after controlling for 
body length. To our knowledge, this study is the first to investigate the size of the anal pad in any 
mongoose species. Perhaps individuals with larger anal pads have an advantage in the 
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maintenance of their own marks or in the propensity or efficiency of overmarking rivals. 
Overmarking, defined as placing a mark on or near a previously placed mark, functions mainly 
as a form of intrasexual competition and intersexual communication (Ferkin and Pierce 2007). 
Most studies have found that the top or most recent mark has the most influence on the response 
to the marks, suggesting a “masking effect” (Johnston et al. 1994; Johnston et al. 1997a; 
Johnston et al. 1997b; Ferkin and Pierce 2007). Overmarking is also suggested to be a signal of 
quality because of the time and energy required to monitor and update marks (Rich and Hurst 
1999; Fisher et al. 2003). A male that can more effectively saturate an area might signal to 
conspecifics his quality or competitive ability. While much research has investigated the acts of 
scent marking and overmarking and the behavioral consequences of these acts, few studies have 
investigated the relative amount or surface area coverage of scent that is actually placed on an 
object. The coverage of the mark or the investment of scent in it might influence responses and 
therefore functionality. A small mark overmarking a large mark might fail to be perceived as the 
top or more recent mark. Such effects are likely to be influenced by a number of factors 
including the status of the individual (Hobbs and Ferkin 2012) and the amount of time between 
marks. Perhaps, then, male mongooses with larger anal pads are able to more effectively 
overmark and reduce the likelihood of being effectively overmarked. If this hypothesis does 
indeed explain the existence of an anal pad and the male hyperallometry, we predict that these 
features will mainly be seen in species where overmarking is a consistent possibility. The high 
degree of home range overlap and lack of territoriality in the mongoose, for instance, probably 
render overmarking more frequent due to the high probability of encountering conspecific marks 
than in a strictly territorial species for which neighbors are known and intrusions uncommon.  
 The epidemic anal gland disease in the males (but not females) in the study population 
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might compromise the current function of anal scent marks. Veterinary literature describes anal 
sac (gland) disease as a secondary result of inflammation, infection or obstruction of gland ducts 
(Washabau and Brockman 1995; Hedlund and Fossum 2007), but few cases have been 
documented from wild animals (but see Hamir 1998). The causes of this disease are unknown in 
the mongoose, but diet generally plays a role in dogs and cats (Vanduijkeren 1995). This disease 
could interfere with mongoose marking, either in terms of the delivery of the scent or the 
chemical messages encoded therein, which can include relatedness (Ferkin 1990), genetic 
similarity (Penn and Potts 1999), and condition (Zala et al. 2004). Unfortunately, however, no 
further information is known about the infection, as the contents of the anal glands were only 
visually inspected in the present study. One possibility is that the anal pad originally evolved as a 
sexually selected trait in the mongoose’s ancestral range in South Asia, but that–either as a result 
of relaxed sexual selection or dietary changed following introduction (or both)–its functionality 
has been compromised by this disease in the Hawaiian population. This hypothesis could be 
tested in future research by comparing morphology or behavior between introduced and native 
populations (Chapter 4), and by assessing the impact of different food types on anal gland 
function. 
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CHAPTER 4 
Rapid evolution by sexual selection in an invasive mammal 
Coauthored with David C. Lahti 
 
ABSTRACT 
Sexual selection theory provides a framework for investigating the evolution of traits involved in 
attracting and competing for mates. Given the sexual function of such traits, studies generally 
focus on individual interactions (i.e., displays and physical contests) in explaining trait origin and 
persistence. We show that ecological factors can strongly influence the adaptive value of traits 
involved in mating, and changes to these factors can lead to rapid evolutionary change. We 
compared sexually selected traits in the small Indian mongoose (Urva auropunctata, formerly 
Herpestes auropunctatus) between their sparsely populated native range and four tropical islands 
to which they have been introduced in the last 145 years and where, due to a lack of interspecific 
competition and predation, they have become invasive and densely populated. As predicted by 
an increase in encounter rate of prospective rivals and mates, selection on long-distance chemical 
advertisement by males, favored in the native range, relaxed in the introduced range. Male, but 
not female, anal pads (a sexually selected trait used in applying scent) decreased in size 
according to time since introduction, and its relation to body size and condition weakened. 
Concurrently, as predicted by intensified sperm competition also due to this increase in rivals 
and mates, testis size increased following introduction. Thus we observed an inversion in the 
relative contributions to fitness of two sexual traits, followed by the rapid evolution of these 
features in line with changes in a species’ ecology. These results demonstrate that the fitness of 
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sexually selected traits, like any other traits under natural selection, is determined by 
environment in which the traits are expressed. 
 
INTRODUCTION, RESULTS, DISCUSSION 
Darwin’s theory of sexual selection has been successful in explaining sex differences and the 
function of traits involved in mate competition and choice in a wide variety of species (Darwin 
1871; Andersson 1994). Most studies have focused on the origins or maintenance of such traits, 
whereas little attention has been paid to how these traits evolve once established (Kirkpatrick and 
Ryan 1991; Hill 2015). As such, even though evolutionary biology is increasingly documenting 
instances of wild populations evolving by natural selection (Kingsolver et al. 2001; Lahti 2005; 
Schilthuizen 2013), we still have a poor understanding of how, and under what circumstances, 
sexually selected traits are subject to evolutionary change (Wiens 2001; Miller and Svensson 
2014).  
The strength, direction, and targets of sexual selection can be influenced by a variety of 
ecological and demographic factors (Evans and Garcia-Gonzalez 2016). For example, encounter 
rates with prospective mates will be lower in sparse populations and higher in dense populations. 
Long-distance or temporally persistent forms of advertisement such as sounds or chemicals 
might be expected to predominate in sparse populations, where individuals usually communicate 
at some distance in time or space (Umbers et al. 2015). On the other hand, physical contests and 
sperm competition would be expected to predominate in denser populations where individuals 
routinely encounter multiple potential mates and rivals (Rittschof 2010; Buzatto et al. 2015). 
Following from these expectations is a prediction that sexually selected traits should change if 
population density changes dramatically and consistently, whether between or within species. 
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Here we test this prediction by comparing sexually selected traits of the small Indian mongoose 
(Urva auropunctata, formerly Herpestes auropunctatus, hereafter mongoose) from several 
populations known to vary in population density.  
The mongoose is a promiscuous, generalist carnivore native to South Asia, whose 
introduction history has created a natural experiment. Since 1872, they have been introduced to 
more than 70, mostly tropical island, locations (Barun et al. 2011) where, due to a release from 
interspecific competition and predation, they have become invasive. Density estimates from the 
introduced range average between 51.4 and 65.6 times higher than in the native range, depending 
on the method of location grouping (range: 4.4-294; Table 4.1).  
The mongoose is solitary and non-territorial, but is a prolific anal gland scent marker. In 
males, scent marking functions as a long distance sexual signal (Owen and Lahti 2015, Chapter 
3; Chapter 1; Chapter 2). Anal gland secretion is deposited onto the substrate with the aid of an 
unusual fleshy projection surrounding the anus, the anal pad. This structure is under sexual 
selection in males: in the native range relative anal pad size (i.e., corrected for total body length) 
is 2.41 times larger in males than females (Figure 4.1; Table A1.2) and, as is expected in most 
sexually selected traits (Hamilton and Zuk 1982; Rahman et al. 2013), the anal pad is both 
condition dependent and positively predicted by body size in males but not females (Figures 4.2, 
4.3; Owen and Lahti 2015, Chapter 3; Chapter 1; Chapter 2). 
The markedly higher population densities of mongooses in their introduced range have 
likely affected the ways in which individuals communicate and how males maximize 
reproductive success.  Higher densities translate into increased encounter rates relative to the 
native range, likely by orders of magnitude. This situation would diminish the utility of long-
distance advertising, thus reducing the ecological relevance of scent marking, and presumably  
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Table 4.1. Reported population densities of the small Indian mongoose (Urva auropunctata). 
      Per Population   Per Land Mass 
      
Mean 
density 
(per/ha) 
Variation about the 
mean (per/ha) Location   
Mean 
density 
(per/ha) Location 
N
at
iv
e 
R
an
ge
   0.083   Pakistan1   0.084 Pakistan   0.085     
In
tro
du
ce
d 
R
an
ge
 
  10.19 3.076 (S.E.) 
Antigua2 
  
9.45 Antigua 
 5.88 1.86 (S.E.)   9.71 2.94 (S.E.)   12.47 3.72 (S.E.)   8.99 2.74 (S.E.)   
 0.7   Fiji3   0.7 Fiji 
 10.4 8.2-12.6 (S.E.) 
Grenada4 
  
6.35 Grenada 
 3.2 2.5-4 (S.E.)   5.9 4.9-7.2 (S.E.)   4 2.7-5.2 (S.E.)   4.7 4-5.4 (S.E.)   9.9 7.7 -12.1 (S.E.)   
 24.7   Hawaii5   
9.78 Hawaii  0.72 0.65-1.94 (C.I.) Hawaii6   3.92 1.88-31.4 (C.I.)   
 2.6 1-7 (R) Jamaica7   2.6 Jamaica 
 0.37 0.26-0.52 (R) Mauritius8   0.37 Mauritius 
 2.5   Puerto Rico9   
2.30 Puerto Rico 
 1.83 
 
Puerto Rico10   4.6 2-8 (R) Puerto Rico11   0.57 0.21 (F); 0.36 (M) Puerto Rico12   2.02 1.00-6.14 (C.I.) Puerto Rico13   
 6.4 
 St. Croix4 
 
4.85 St. Croix 
 3.2 
   3.4 
   6.4 2-14 (R)  St. Croix7   
 1 0.7-1.5 (S.E.) Trinidad4   2.5 Trinidad 
   
4 2.2-5.4 (S.E.)   
   
5.74 
   
4.55 Total Mean 
Note: S.E., standard error; C.I., 95% confidence interval; R, range; F, female; M, male 
References: (1) Mahmood et al. 2011, (2) Corn and Conroy 1998, (3) Gorman 1979, (4) 
Nellis and Everard 1983, (5) Seaman 1953, (6) Pitt et al. 2015, (7) Hoagland et al. 1989, (8) 
Roy et al. 2002, (9) Pimentel 1955, (10) Vilella 1998, (11) Horst et al. 2011, (12) Quinn and 
Whisson 2005, (13) Johnson et al. 2016. 
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Figure 4.1. Rapid evolution of male but not female anal pad size in the small Indian mongoose 
(Urva auropunctata). Shown is a comparison of relative anal pad area (i.e., corrected for total 
body length) of males and females across locations. Circles represent the average (± S.E.) for 
each location. Letter differences correspond to comparisons where P < 0.05. Mongooses were 
introduced from India to Jamaica in 1872, from Jamaica to Hawaii in 1883, and from Jamaica to 
St. Croix in 1884 (Hoagland et al. 1989); and from India to Mauritius in 1902 (Roy et al. 2002). 
 
relaxing selection for large anal pads. Therefore, we predict that, relative to the native range, in 
the introduced range anal pad size will be smaller in males but not different in females, and that 
the anal pad’s relationships to body condition and size are significantly weaker in males but not 
in females. Additionally, an increase in mates and rivals likely intensifies postcopulatory sexual 
selection via sperm competition. Thus, we also predict that testis size has increased following 
introduction. We test these predictions by comparing wild mongooses in their native range of 
India to those living on four islands of introduction: Hawaii, Jamaica, Mauritius, and St. Croix, 
all of which descend from Indian populations. 
Male relative anal pad size is significantly smaller in areas of introduction than in the 
native range (F4,144 = 26.31, P < 0.001; Figure 4.1); no such difference is observed in females  
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Figure 4.2. Weakening and loss of condition dependence of the anal pad in male but not female 
small Indian mongooses (Urva auropunctata). Shown is a scatter plot of body condition 
(residuals of an OLS means regression of total body length against mass) against anal pad area of 
males and females. 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3. Weakening and loss of relationship between body size (PC1) and anal pad size in 
male but not female small Indian mongooses (Urva auropunctata). Shown is a scatter plot of 
body size (PC1) against anal pad area of males and females. 
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(F4,106 = 2.44, P > 0.05). As expected according to a history of relaxed selection, the change in 
male anal pad size is correlated with time since introduction: mongooses were introduced from 
India to Jamaica in 1872 and to Mauritius in 1902 (Hoagland et al. 1989; Roy et al. 2002); 
relative male Jamaican anal pad size is 66% of the size of their Indian counterparts, and male 
Mauritian anal pads are intermediate in size between those in India and Jamaica. Also as 
predicted from a relaxation of selection, in areas of introduction the condition dependence of 
male anal pads is significantly weaker than in the native range (F4,135 = 2.63, P = 0.037; Figure 
4.2). The relationship between male anal pad size and body size (PC1) is also significantly 
weaker in introduced locations (F4,121 = 3.558, P = 0.009; Figure 4.3). For Jamaican mongooses, 
which have experienced the longest time since introduction, male anal pads are neither condition 
dependent nor related to body size. Consistent with the anal pad being a sexually selected trait 
only in males, female anal pads are neither condition dependent nor show any relationship with 
body size in any location, and do not differ across locations (condition: F4,101 = 0.274, P = 0.894; 
body size: F4,91 = 0.818, P = 0.517;  Figures 4.2, 4.3). These results indicate a loss of function 
(i.e., relaxed sexual selection) on scent marking in introduced male mongooses. 
As population density increases, male reproductive success is expected to become less 
mate-limited and more sperm-limited (Emlen and Oring 1977; Kokko and Rankin 2006); this 
should especially be the case in promiscuous species such as the mongoose (Schneider and 
Kappeler 2014). As predicted, relative testis size increased following introduction (F4,144 = 26.31, 
P < 0.001; Figure 4.4), indicating intensified sperm competition, and thus increased selection on 
sperm volume.  
No evidence exists of a trade off between male relative anal pad and relative testis size 
within or between locations (all R < 0.28, all P > 0.06). 
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Figure 4.4. Rapid increase in testis size following introduction in the small Indian mongoose 
(Urva auropunctata). Shown is a comparison of relative testis size (i.e., corrected for total body 
length) of males across locations. Circles represent the average (± S.E.) for each location. Letter 
differences correspond to comparisons where P < 0.05. These data were not collected in Hawaii. 
 
Collectively our results demonstrate the repeated evolution of two sexually selected traits 
in opposite directions, specifically as predicted from changes in social interaction. To our 
knowledge, this is the first documented case of rapid evolution of sexually selected traits in a 
wild mammal, artificial selection aside (Tiilikainen et al. 2010; Pigeon et al. 2016). Our results 
suggest the following sequence of events: (1) mongooses introduced to islands were released 
from interspecific competition and predation, resulting in a dramatic increase in population 
density relative to the native range. (2) These high densities increased encounter rates, which 
diminished the ecological relevance of long-distance chemical advertising, as mating decisions 
could be based instead on direct assessments in real time. (3) This relaxed selection on scent 
marking favored lower investment in the anal pad, leading to a reduction in its size, condition 
dependence, and relationship with body size in males. Concurrently, (4) high population 
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densities increased sperm competition, as the number of mating partners likely increased in this 
promiscuous species, favoring males with larger quantities of sperm. This in turn led to (5) an 
evolutionary increase in testis size. 
The utility of long-distance chemical advertising was predicted to decrease in males 
following introduction, and accordingly, the tool used for the application of scent, the anal pad, 
shrunk in size. A morphological feature generally decreases in size and functional integrity when 
it loses utility, although the rate at which this evolutionary decay occurs is variable and depends 
on the costs of continuing to construct and maintain the trait (Lahti et al. 2009). The costs of the 
anal pad are unknown, but theory predicts that sexual selection should drive male display traits 
away from an optimum value with respect to all other sources of selection, whereas 
corresponding female trait values should be at or near the optimum (Bonduriansky 2007). Sexual 
size dimorphism (SSD) of the anal pad decreased between the native and introduced ranges 
between 63 to 88 percentage points for raw values (Table 4.2) and between 54 to 70 percentage 
points for relative values (Table 4.3), depending on population. This marked reduction in SSD, 
specifically owing to a decrease in male anal pad size rather than an increase in females, 
represents an evolutionary change in males towards the selective optimum following relaxed 
sexual selection on scent marking. Further evidence of a reduction of anal pad function is lent by 
its partial or complete decoupling from male condition and body size. Sexual selection in general 
does not appear to be relaxed, however, but changed: the consistent increase in testis size in all 
introduced populations indicates a shift towards a more influential role for sperm competition in 
male reproductive success.  
Several aspects of the results indicate evolution by sex-specific selection on males as the 
primary mechanism for the observed trait changes. First, changes to the anal pad in size,  
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Table 4.2. Degrees of sexual size dimorphism (SSD) of measured morphological traits of the small Indian 
mongoose (Urva auropunctata) using raw trait values across field sites. SSD calculated as the average male trait 
value divided by the average trait value. Traits ranked according to max difference. 
    Native   Introduced   Difference 
  
India 
 
Mauritius 
St. 
Croix Hawaii Jamaica 
 
Min Max Directiona 
 
Significantb 
Anal Pad 
 
2.71 
 
2.08 2.02 1.83 2.04 
 
0.63 0.88 - 
 
Y 
Mass 
 
1.45 
 
1.48 1.46 1.44 1.56 
 
0.01 0.11 -,+ 
 
N 
B Canine 
 
1.17 
 
1.14 1.09 1.09 1.14 
 
0.03 0.08 - 
 
N 
Chest 
 
1.18 
 
1.18 1.17 
 
1.25 
 
0.00 0.07 -,+,= 
 
N 
Tail 
 
1.14 
 
1.11 1.12 1.07 1.11 
 
0.02 0.07 - 
 
N 
T Canine 
 
1.16 
 
1.17 1.09 1.11 1.13 
 
0.01 0.07 -,+ 
 
N 
Body Length 
 
1.14 
 
1.12 1.12 1.08 1.11 
 
0.02 0.06 - 
 
N 
Head Width 
 
1.15 
 
1.09 1.13 
 
1.15 
 
0.00 0.06 -,= 
 
N 
Head 
 
1.07 
 
1.11 1.09 1.08 1.10 
 
0.01 0.04 + 
 
N 
Neck 
 
1.18 
 
1.14 1.16 
 
1.18 
 
0.00 0.04 -,= 
 
N 
Hind Foot 
 
1.14 
 
1.12 1.11 
 
1.12 
 
0.02 0.03 - 
 
N 
Body   1.13   1.13 1.12 1.11 1.11   0.00 0.02 -,=   N 
Note: B, bottom; T, top; Y, yes; N, no 
aIndicates the directions of difference between the native range and different introduced range locations 
bDetermined by the absence of overlap of 95% confidence intervals for the difference of means between the sexes 
between the native and different introduced range locations 
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Table 4.3. Degrees of sexual size dimorphism (SSD) of measured morphological traits of the small Indian 
mongoose (Urva auropunctata) using relative (i.e., corrected for total body length) trait values across field sites. 
SSD calculated as the average male trait value divided by the average female trait value. Traits ranked according 
to max difference. 
    Native   Introduced   Difference     
  
India 
 
Mauritius 
St. 
Croix Hawaii Jamaica 
 
Min Max Directiona 
 
Significantb 
Anal Pad 
 
2.38 
 
1.84 1.77 1.68 1.84 
 
0.54 0.70 - 
 
Y 
Mass 
 
1.28 
 
1.32 1.30 1.32 1.41 
 
0.02 0.13 + 
 
N 
Chest 
 
1.04 
 
1.05 1.05 
 
1.12 
 
0.01 0.08 + 
 
N 
Head Width 
 
1.02 
 
0.96 1.02 
 
1.04 
 
0.00 0.06 -,=,+ 
 
N 
B Canine 
 
1.05 
 
1.00 0.99 1.01 1.03 
 
0.02 0.06 - 
 
N 
Head 
 
0.94 
 
0.99 0.99 0.99 0.99 
 
0.05 0.05 + 
 
N 
Neck 
 
1.04 
 
1.01 1.04 
 
1.06 
 
0.00 0.03 -,=,+ 
 
N 
Tail 
 
1.00 
 
0.99 0.99 0.98 1.00 
 
0.00 0.02 -,= 
 
N 
T Canine 
 
1.02 
 
1.04 0.99 1.03 1.02 
 
0.00 0.03 -,=,+ 
 
N 
Body 
 
1.00 
 
1.01 1.01 1.01 1.00 
 
0.00 0.01 =,+ 
 
N 
Hind Foot   1.00   0.99 1.00   1.01   0.00 0.01 -,=,+   N 
Note: B, bottom; T, top; Y, yes; N, no 
aIndicates the directions of difference between the native range and different introduced range locations 
bDetermined by the absence of overlap of 95% confidence intervals for the difference of means between the sexes 
between the native and different introduced range locations 
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condition-dependence, and its relationship to body size were observed only in males and not in 
females (Figures 4.1, 4.2, 4.3). Second, we collected several additional morphological 
measurements in order to determine whether any other traits, besides the two we predicted, 
changed consistently following introduction. Of all traits measured, the only other strong and 
uniformly directional change observed following introduction was in hind foot length, but this 
was observed in both sexes (Figure 4.5). Third, comparisons of variance across locations of 
relative anal pad and testis size follow predictions of relaxed and increased selection, 
respectively. Following a relaxation of selection, trait variance might increase, decrease, or be 
unaffected (Lahti et al. 2009), but after an increase in selection variance is expected to increase 
(Fisher 1930). Coefficients of variation (CV) of introduced males’ relative anal pad size are 
unchanged compared to males of the native range (Figure 4.6), while CVs of introduced males’ 
relative testis size are generally greater relative to native range males, with higher CVs in 
locations with earlier introductions (Figure 4.7). Fourth, the results allow us to distinguish 
evolutionary change from a founder effect. If randomly biased characteristics of the introduced 
individuals were mainly responsible for the observed changes, we would not expect the same 
directional changes across introduced populations, especially considering that the Mauritian 
population was introduced from India independently from the Jamaican population. The founder 
effect would also predict a greater difference in the population most recently introduced, with the 
smallest propagule size, and with subsequent introductions from island to island. None of these 
predictions was validated; on the contrary, changes were positively correlated with time since 
introduction, at least for the anal pad, consistent with evolution by natural selection, and were 
unrelated to propagule size and introduction sequence. A final point is that an increase in 
population density might have resulted in an increase in direct agonistic competition for mates,  
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Figure 4.5. Lack of consistent sexual dimorphism or morphological change in nonfocal traits 
after introduction in the small Indian mongoose (Urva auropunctata). Shown are comparisons of 
different morphological traits of both sexes across locations. Circles represent male (blue) and 
female (red) averages (± S.E.) for each location. Letter differences correspond to male (blue) and 
female (red) comparisons where P < 0.05. Relative values are those corrected for total body 
length. Data for traits in panels b, c, h, and i were not collected in Hawaii. 
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Figure 4.6. Lack of change of variance in relative anal pad area following introduction in male 
small Indian mongooses (Urva auropunctata). Shown is a comparison of coefficients of 
variation (circles ± S.E.) across locations. 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.7. General increase in variance in relative testis size following introduction in the small 
Indian mongoose (Urva auropunctata). Shown is a comparison of coefficients of variation 
(circles ± S.E.) across locations. These data were not collected in Hawaii. 
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but our morphological measurements do not indicate that this has occurred: SSD in total body 
length and relative top canine diameter, two features that would enhance male physical 
competiveness, either decreased, showed no change, or increased by only one to two percentage 
points (Tables 4.2, 4.3). Evidence for rapid evolution in response to sperm competition but not 
male agonistic competition is to be expected, as male mongooses have not been observed to 
defend territories or females (Roy et al. 2002; Owen and Lahti 2015, Chapter 3). 
Research has rarely focused on evolutionary change in established sexually selected 
traits. Our results demonstrate that such traits can change dramatically over even modest 
historical time scales (< 145 years). Moreover, the nature of these changes highlights the 
importance of ecological influences on sexually selected traits. Because sexual selection operates 
between members of a single species, we might be tempted to consider the evolution of such 
traits as being subject only to social influences, namely mate choice and competition. Like any 
trait under natural selection, however, the utility or adaptive value of a sexually selected trait is 
influenced by the environment in which it is expressed (Endler 1988; Candolin and Vlieger 
2013). Thus, a change in ecological factors that have little, if anything, to do with mating, such 
as resource availability and population density, can lead to evolutionary changes in sexually 
selected traits (Evans and Garcia-Gonzalez 2016). This being the case, we expect that with the 
intensification of climate change and its corresponding ecological changes, more instances of 
rapid evolution of sexually selected traits will be observed in the future (Evans and Gustafsson 
2017). 
While increased population density is often associated with intensified sexual selection 
(Emlen and Oring 1977; Kokko and Rankin 2006), we show that higher densities both intensified 
and relaxed selection, depending on the ecological relevance of the trait in question. This calls 
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for an updated perspective and for more nuanced investigations regarding the relationship 
between density and sexual selection. 
 
METHODS 
Trapping sites and methods 
Trapping of mongooses took place between 2012 and 2016. Mongooses were trapped from an 
average of five populations per location (range 2-7). Trapping protocols differed slightly by 
location. In general, traps were placed opportunistically, rather than in grids, to maximize 
capture rate. Traps were baited with sardines, chicken wings, or raw fish and were covered to 
minimize heat stress. For India, traps were set at dawn and checked two to three times per day; 
for all other locations, traps were set the day before and checked the following morning. 
 
Sample size 
A total of 283 individuals were trapped across all locations. Juveniles and subadults were 
excluded, thus only 232 individuals were used for analyses: India: 23 males, 19 females; Hawaii: 
34 males, 23 females; Jamaica: 30 males, 22 females; Mauritius: 16 males, 22 females; St. Croix: 
47 males, 28 females. Age was estimated from eruption and wear of teeth and development of 
genitalia. 
 
Measurements 
For India, mongooses were anesthetized with a 2.5 mg/kg Ketamine and 0.06 mg/kg 
Meditomedine injection administered intra-muscularly in the thigh with a 1 ml syringe (Kreeger 
1996). After measurements were recorded (see below), all individuals were placed back into 
 125 
their traps until fully recovered and released at the point of capture. For Hawaii, mongooses were 
trapped for removal by the United States Department of Agriculture Animal and Plant Health 
Inspection Service (USDA-APHIS), and were sacrificed using a custom-built CO2 chamber 
(Owen and Lahti 2015, Chapter 3). For all other locations, mongooses were sacrificed in the field 
through inhalation of 5 ml of isoflurane via a nose cone (Parker et al. 2008). Once immobilized 
or sacrificed the following were recorded: mass; lengths of head (tip of nose to occipital bone), 
body (occipital bone to base of tail), tail, hind feet*, and testis* (their longest axis); head width*, 
neck* and chest* circumferences, and canine diameters (*traits were not collected in Hawaii). 
Mass was measured in the field with a 1 kg Pesola scale with 10 g units (India, St. Croix, and 
Mauritius) and in the laboratory using a digital scale to 0.001 g (Hawaii and Jamaica). Head, 
body, tail, and feet lengths were measured using a tape measure with 1 mm units. Head widths, 
testis lengths, and canine diameters were considered the mean of three measurements by digital 
calipers to 0.01 mm. Testis lengths were considered an accurate proxy for testis size as St. Croix 
males’ testis lengths and masses were highly correlated (F1,92 = 195.5, R2 = 0.68, P < 0.001; 
Figure A2). Anal pad area was estimated by photographing the anal pad with a ruler inset in the 
photograph. After isolating the hairless area of skin in each photograph, anal pad area was 
estimated to 0.01mm2 using the analysis feature of Photoshop CS5 (Adobe Systems Inc., San 
Jose, CA, U.S.A.)(Owen and Lahti 2015, Chapter 3; Chapter 2).  
 
Analyses 
Statistical analyses were performed using SYSTAT version 10 (SPSS Inc., Chicago, IL, U.S.A.) 
and R 3.3.1. Two-tailed t-tests were used to determine morphological differences between the 
sexes within each location, and paired t-tests were used to determine within-sex differences in 
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canine diameters and foot and testis lengths. ANOVAs were used to determine morphological 
differences across locations. Condition was estimated as the residuals of an OLS regression of 
total body length and mass (Schulte-Hostedde et al. 2005; Edelman 2011; White et al. 2012). 
Condition-dependence of the anal pad was estimated by regressing these residuals against anal 
pad area (Owen and Lahti 2015, Chapter 3; Chapter 2). A principal components analysis was 
performed to reduce the number of variables. PC1 loaded highly across all traits and explained 
61.1% of the variance, and thus we treated it as an overall estimate of body size. PC2 explained 
less than 17% of the variance and was not used in any analysis. ANCOVAs were used to 
determine the influence of location on the relationships of anal pad size and condition and body 
size using location as a covariate. Degrees of sexual size dimorphism were calculated as the 
mean male trait value divided by the mean female trait value.  
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APPENDIX A 
Within and between location comparisons of morphological measurements of the small 
Indian mongoose (Urva auropunctata) 
 
Tables A1.1-12. List of raw and relative trait means of males and females within each location. 
 
Tables A2.1-2. List and comparisons of degrees of sexual size dimorphism of raw and relative 
trait values of males and females across locations. 
 
Tables A3.1-4. List of the comparisons of raw and relative trait means of males and females 
across locations. 
 
Table A4. Visual characterization of the colors of male and female anal gland contents across 
locations. 
 
Figure A1. List of figures comparing raw and relative trait means of males and females across 
locations. 
 
Figure A2. Linear regression showing a positive relationship between testis length and mass of 
males from St. Croix.  
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Table A1.1. Raw trait values and degrees of sexual size dimorphism (SSD) in the small Indian mongoose (Urva auropunctata) in 
India. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
23 559.48 61.70 
 
19 385.00 62.04 
 
9.099*** 
 
1.45 
Head (mm)^ 
 
23 81.35 2.46 
 
18 75.79 4.22 
 
5.069*** 
 
1.07 
Skull width (mm) 
 
23 29.95 1.12 
 
18 25.96 2.01 
 
9.781*** 
 
1.15 
T Canine (mm) 
 
23 2.92 0.12 
 
19 2.52 0.17 
 
9.038*** 
 
1.16 
B Canine (mm) 
 
22 2.21 0.14 
 
19 1.88 0.19 
 
6.296*** 
 
1.17 
Neck (mm) 
 
23 112.91 5.40 
 
19 95.42 7.24 
 
8.719*** 
 
1.18 
Chest (mm) 
 
23 140.44 7.78 
 
19 118.90 10.09 
 
7.621*** 
 
1.18 
Body (mm) 
 
23 338.17 13.16 
 
18 298.11 14.31 
 
9.434*** 
 
1.13 
Tail (mm) 
 
23 239.74 12.44 
 
18 213.22 10.45 
 
7.255*** 
 
1.12 
Total Length (mm) 
 
23 577.91 20.74 
 
18 512.06 21.80 
 
9.868*** 
 
1.13 
Hind foot (mm) 
 
23 49.88 1.67 
 
19 43.58 1.25 
 
13.996*** 
 
1.14 
Anal pad (mm2)^ 
 
23 208.64 41.47 
 
19 76.99 16.72 
 
13.842*** 
 
2.71 
Testis (mm)   23 12.94 1.16                 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001. 
^Trait with unequal variance. 
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Table A1.2. Relative (i.e., corrected for total body length) trait values and degrees of sexual size dimorphism (SSD) in the small 
Indian mongoose (Urva auropunctata) in India. 
  
Male 
 
Female 
        n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
23 0.967 0.094 
 
19 0.758 0.121 
 
6.165*** 
 
1.28 
Head (mm)^ 
 
23 0.141 0.005 
 
18 0.150 0.013 
 
-2.764* 
 
0.94 
Skull width (mm) 
 
23 0.052 0.002 
 
19 0.048 0.012 
 
1.364 
 
1.08 
T Canine (mm) 
 
23 0.502 X 10-2 0.031 X 10-2 
 
19 0.494 X 10-2 0.038 X 10-2 
 
0.910 
 
1.02 
B Canine (mm) 
 
22 0.381 X 10-2 0.027 X 10-2 
 
19 0.368 X 10-2 0.035 X 10-2 
 
1.299 
 
1.05 
Neck (mm) 
 
23 0.195 0.009 
 
19 0.188 0.012 
 
2.323* 
 
1.04 
Chest (mm) 
 
23 0.243 0.014 
 
19 0.234 0.016 
 
1.959 
 
1.04 
Body (mm) 
 
23 0.585 0.013 
 
18 0.584 0.011 
 
0.426 
 
1.00 
Tail (mm) 
 
23 0.415 0.013 
 
18 0.416 0.011 
 
-0.426 
 
1.00 
Hind foot (mm)^ 
 
23 0.086 0.002 
 
19 0.086 0.004 
 
0.375 
 
1.00 
Anal pad (mm2)^ 
 
23 0.364 0.068 
 
19 0.151 0.030 
 
13.264*** 
 
2.41 
Testis (mm)   23 0.022 0.002                 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001; *, P < 0.05. 
^Trait with unequal variance. 
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Table A1.3. Raw trait values and degrees of sexual size dimorphism (SSD) in the small Indian mongoose (Urva auropunctata) in 
Mauritius. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
16 691.57 84.32 
 
22 467.95 74.78 
 
8.626*** 
 
1.48 
Head (mm) 
 
16 85.06 3.92 
 
22 76.50 2.67 
 
8.017*** 
 
1.11 
Head width (mm) 
 
16 33.00 1.49 
 
22 30.30 1.19 
 
6.215*** 
 
1.09 
T Canine (mm) 
 
16 3.00 0.13 
 
22 2.57 0.21 
 
7.236*** 
 
1.17 
B Canine (mm) 
 
12 2.04 0.09 
 
20 1.79 0.12 
 
6.518*** 
 
1.14 
Neck (mm) 
 
16 123.69 6.44 
 
22 108.64 7.46 
 
6.496*** 
 
1.14 
Chest (mm) 
 
16 161.06 11.60 
 
22 136.36 10.96 
 
6.692*** 
 
1.18 
Body (mm) 
 
16 345.75 11.61 
 
22 305.41 18.19 
 
7.777*** 
 
1.13 
Tail (mm) 
 
16 251.63 13.86 
 
22 225.95 10.86 
 
6.403*** 
 
1.11 
Total Length (mm) 
 
16 597.38 19.80 
 
22 531.36 26.05 
 
8.496*** 
 
1.12 
Hind foot (mm) 
 
16 62.00 1.71 
 
22 55.55 1.79 
 
11.165*** 
 
1.12 
Anal pad (mm2)^ 
 
16 168.42 28.29 
 
22 81.14 10.78 
 
11.736*** 
 
2.08 
Testis (mm)   16 16.25 1.95   22             
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001. 
^Trait with unequal variance. 
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Table A1.4. Relative (i.e., corrected for total body length) trait values and degrees of sexual size dimorphism (SSD) in the small 
Indian mongoose (Urva auropunctata) in Mauritius. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
16 1.156 0.121 
 
22 0.877 0.113 
 
7.236*** 
 
1.32 
Head (mm) 
 
16 0.142 0.007 
 
22 0.133 0.007 
 
-0.786 
 
0.99 
Head width (mm) 
 
16 0.055 0.003 
 
22 0.057 0.002 
 
-2.468* 
 
0.96 
T Canine (mm) 
 
16 0.503 X 10-2 0.027 X 10-2 
 
22 0.484 X 10-2 0.030 X 10-2 
 
1.986 
 
1.04 
B Canine (mm) 
 
12 0.338 X 10-2 0.013 X 10-2 
 
20 0.337 X 10-2 0.019 X 10-2 
 
0.151 
 
1.00 
Neck (mm) 
 
16 0.207 0.011 
 
22 0.204 0.009 
 
0.840 
 
1.01 
Chest (mm) 
 
16 0.700 0.018 
 
22 0.256 0.014 
 
2.525* 
 
1.05 
Body (mm) 
 
16 0.579 0.014 
 
22 0.575 0.012 
 
1.001 
 
1.01 
Tail (mm) 
 
16 0.421 0.014 
 
22 0.425 0.012 
 
-1.005 
 
0.99 
Hind foot (mm) 
 
16 0.104 0.003 
 
22 0.105 0.003 
 
-0.848 
 
0.99 
Anal pad (mm2)^ 
 
16 0.282 0.045 
 
22 0.153 0.022 
 
10.489*** 
 
1.84 
Testis (mm)   16 0.027 0.003                 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001; *, P < 0.05. 
^Trait with unequal variance. 
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Table A1.5. Raw trait values and degrees of sexual size dimorphism (SSD) in the small Indian mongoose (Urva auropunctata) in 
St. Croix. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g)^ 
 
47 618.28 99.30 
 
28 430.18 55.03 
 
10.559*** 
 
1.46 
Head (mm) 
 
47 83.06 2.09 
 
28 76.18 2.02 
 
13.999*** 
 
1.09 
Head width (mm) 
 
47 31.53 1.62 
 
28 27.99 2.23 
 
7.932*** 
 
1.13 
T Canine (mm) 
 
42 2.90 0.18 
 
25 2.66 0.15 
 
5.846*** 
 
1.09 
B Canine (mm) 
 
42 1.99 0.13 
 
25 1.82 0.15 
 
4.773*** 
 
1.09 
Neck (mm)^ 
 
47 117.68 9.13 
 
28 101.82 5.56 
 
9.343*** 
 
1.16 
Chest (mm) 
 
47 151.30 10.71 
 
28 129.61 8.42 
 
9.155*** 
 
1.17 
Body (mm) 
 
47 342.38 18.85 
 
28 307.29 18.78 
 
7.810*** 
 
1.12 
Tail (mm)^ 
 
47 253.83 23.17 
 
28 230.50 14.87 
 
5.308*** 
 
1.12 
Total Length (mm) 
 
47 596.21 33.20 
 
28 537.79 25.94 
 
8.480*** 
 
1.12 
Hind foot (mm) 
 
47 61.85 2.21 
 
28 55.71 2.14 
 
11.779*** 
 
1.11 
Anal pad (mm2)^ 
 
47 149.18 29.09 
 
27 76.04 15.14 
 
14.211*** 
 
2.02 
Testis (mm)   47 15.00 2.67                 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001. 
^Trait with unequal variance. 
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Table A1.6. Relative (i.e., corrected for total body length) trait values and degrees of sexual size dimorphism (SSD) in the small 
Indian mongoose (Urva auropunctata) in St. Croix. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g)^ 
 
47 1.036 0.153 
 
28 0.799 0.087 
 
8.556*** 
 
1.30 
Head (mm) 
 
47 0.140 0.009 
 
28 0.142 0.007 
 
-1.097 
 
0.99 
Head width (mm) 
 
47 0.053 0.004 
 
28 0.052 0.003 
 
1.234 
 
1.02 
T Canine (mm) 
 
42 0.489 X 10-2 0.037 X 10-2 
 
25 0.496 X 10-2 0.041 X 10-2 
 
-0.707 
 
0.99 
B Canine (mm)^ 
 
42 0.335 X 10-2 0.023 X 10-2 
 
25 0.337 X 10-2 0.035 X 10-2 
 
-3.060 
 
0.99 
Neck (mm)^ 
 
47 0.198 0.029 
 
28 0.190 0.012 
 
2.375* 
 
1.04 
Chest (mm) 
 
47 0.254 0.020 
 
28 0.241 0.027 
 
2.837** 
 
1.05 
Body (mm) 
 
47 0.575 0.028 
 
28 0.571 0.020 
 
0.600 
 
1.01 
Tail (mm) 
 
47 0.425 0.028 
 
28 0.429 0.020 
 
-0.600 
 
0.99 
Hind foot (mm) 
 
47 0.104 0.006 
 
28 0.104 0.006 
 
0.128 
 
1.00 
Anal pad (mm2)^ 
 
47 0.249 0.043 
 
27 0.141 0.027 
 
13.281*** 
 
1.77 
Testis (mm)   47 0.025 0.004                 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001; **, P < 0.01; *, P < 0.05. 
^Trait with unequal variance. 
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Table A1.7. Raw trait values and degrees of sexual size dimorphism (SSD) in the small Indian mongoose (Urva auropunctata) in 
Hawaii. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
34 618.67 68.02 
 
23 430.58 62.88 
 
10.554*** 
 
1.44 
Head (mm) 
 
34 67.83 1.86 
 
23 63.10 2.12 
 
8.903*** 
 
1.07 
T Canine (mm) 
 
32 3.02 0.20 
 
20 2.73 0.16 
 
5.586*** 
 
1.11 
LB Canine (mm) 
 
29 2.89 0.21 
 
22 2.63 0.27 
 
3.884*** 
 
1.10 
RB Canine (mm) 
 
32 2.79 0.20 
 
21 2.46 0.27 
 
5.183*** 
 
1.13 
Body (mm) 
 
34 343.03 17.68 
 
23 309.17 14.21 
 
7.655*** 
 
1.11 
Tail (mm) 
 
33 248.55 11.72 
 
23 231.44 15.08 
 
4.776*** 
 
1.07 
Total Length (mm)^ 
 
33 590.55 23.06 
 
21 546.29 15.40 
 
8.454*** 
 
1.08 
Anal pad (mm2)^   34 142.23 29.82   23 77.85 17.07   10.334***   1.83 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001. 
^Trait with unequal variance. 
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Table A1.8. Relative (i.e., corrected for total body length) trait values and degrees of sexual size dimorphism (SSD) in the small 
Indian mongoose (Urva auropunctata) in Hawaii. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
33 1.046 0.103 
 
23 0.798 0.121 
 
8.244*** 
 
1.31 
Head (mm) 
 
33 0.115 0.005 
 
23 0.117 0.004 
 
-1.577 
 
0.98 
T Canine (mm) 
 
32 0.513 X 10-2 0.039 X 10-2 
 
21 0.498 X 10-2 0.027 X 10-2 
 
1.481 
 
1.03 
LB Canine (mm) 
 
28 0.493 X 10-2 0.042 X 10-2 
 
22 0.487 X 10-2 0.033 X 10-2 
 
0.490 
 
1.01 
RB Canine (mm) 
 
31 0.475 X 10-2 0.042 X 10-2 
 
21 0.453 X 10-2 0.037 X 10-2 
 
1.821 
 
1.05 
Body (mm) 
 
33 0.579 0.014 
 
23 0.572 0.016 
 
1.700 
 
1.01 
Tail (mm) 
 
33 0.421 0.014 
 
23 0.428 0.016 
 
-1.700 
 
0.98 
Anal pad (mm2)   33 0.242 0.051   23 0.144 0.031   8.170***   1.68 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001. 
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Table A1.9. Raw trait values and degrees of sexual size dimorphism (SSD) in the small Indian mongoose (Urva auropunctata) in 
Jamaica. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
30 693.33 78.36 
 
22 443.64 62.70 
 
12.321*** 
 
1.56 
Head (mm)^ 
 
30 82.47 2.11 
 
22 75.32 3.30 
 
8.908*** 
 
1.10 
Head width (mm)^ 
 
30 33.58 1.91 
 
22 29.33 1.23 
 
9.777*** 
 
1.15 
T Canine (mm) 
 
30 2.99 0.13 
 
21 2.64 0.17 
 
8.246*** 
 
1.13 
B Canine (mm)^ 
 
30 2.08 0.09 
 
21 1.82 0.14 
 
7.156*** 
 
1.14 
Neck (mm) 
 
30 122.33 7.64 
 
22 103.77 6.41 
 
9.251*** 
 
1.18 
Chest (mm) 
 
30 162.10 11.52 
 
22 130.18 10.23 
 
10.341*** 
 
1.25 
Body (mm) 
 
30 360.40 22.87 
 
22 323.91 16.01 
 
6.413*** 
 
1.11 
Tail (mm) 
 
30 266.50 17.42 
 
22 240.00 15.54 
 
5.669*** 
 
1.11 
Total Length (mm)^ 
 
30 626.90 33.50 
 
22 563.91 19.96 
 
8.454*** 
 
1.11 
 Hind foot (mm) 
 
30 61.10 2.55 
 
22 54.55 2.59 
 
9.087*** 
 
1.12 
Anal pad (mm2)^ 
 
30 148.44 27.43 
 
22 72.76 15.20 
 
12.686*** 
 
2.04 
Testis (mm)   30 15.98 2.18                 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001. 
^Trait with unequal variance. 
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Table A1.10. Relative (i.e., corrected for total body length) trait values and degrees of sexual size dimorphism (SSD) in the small 
Indian mongoose (Urva auropunctata) in Jamaica. 
    Male   Female         
    n Mean (SD) SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
30 1.106 0.106 
 
22 0.786 0.092 
 
11.362*** 
 
1.41 
Head (mm)^ 
 
30 0.132 0.008 
 
22 0.133 0.004 
 
-0.990 
 
0.99 
Head width (mm)^ 
 
30 0.054 0.004 
 
22 0.052 0.002 
 
2.066* 
 
1.04 
T Canine (mm) 
 
30 0.477 X 10-2 0.030 X 10-2 
 
21 0.467 X 10-2 0.028 X 10-2 
 
1.175 
 
1.02 
B Canine (mm) 
 
30 0.332 X 10-2 0.024 X 10-2 
 
21 0.323 X 10-2 0.025 X 10-2 
 
1.368 
 
1.02 
Neck (mm) 
 
30 0.195 0.013 
 
22 0.184 0.009 
 
3.468*** 
 
1.06 
Chest (mm) 
 
30 0.259 0.021 
 
22 0.231 0.015 
 
5.392*** 
 
1.12 
Body (mm) 
 
30 0.575 0.018 
 
22 0.574 0.022 
 
0.061 
 
1.00 
Tail (mm) 
 
30 0.425 0.018 
 
22 0.426 0.022 
 
-0.061 
 
1.00 
Hind foot (mm)^ 
 
30 0.098 0.006 
 
22 0.097 0.003 
 
0.741 
 
1.01 
Anal pad (mm2)^ 
 
30 0.237 0.046 
 
22 0.129 0.029 
 
10.456*** 
 
1.84 
Testis (mm)   30 0.026 0.004                 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001; *, P < 0.05. 
^Trait with unequal variance. 
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Table A1.11. Raw trait values and degrees of sexual size dimorphism (SSD) in the common mongoose (Urva edwardsii) in India. 
    Male   Female         
    n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
5 1646.00 141.22 
 
7 863.71 203.81 
 
7.366*** 
 
1.91 
Head (mm)^ 
 
5 101.80 1.48 
 
7 89.86 7.93 
 
3.893** 
 
1.13 
Skull width (mm) 
 
5 39.27 1.41 
 
7 32.67 3.92 
 
3.562** 
 
1.20 
T Canine (mm) 
 
5 3.97 0.30 
 
7 2.92 0.57 
 
3.709** 
 
1.36 
B Canine (mm) 
 
5 2.96 0.24 
 
7 2.29 0.32 
 
3.903** 
 
1.29 
Neck (mm) 
 
5 158.60 8.23 
 
6 123.83 9.26 
 
6.510** 
 
1.28 
Chest (mm) 
 
5 206.80 7.30 
 
6 164.50 15.60 
 
5.541*** 
 
1.26 
Body (mm) 
 
5 450.00 11.58 
 
7 369.29 33.09 
 
5.171*** 
 
1.22 
Tail (mm) 
 
5 356.80 27.83 
 
7 314.14 38.13 
 
2.119 
 
1.14 
Total Length (mm) 
 
5 806.80 37.69 
 
7 683.43 68.69 
 
3.614** 
 
1.18 
Hind foot (mm) 
 
5 75.48 2.20 
 
7 65.78 3.53 
 
5.404*** 
 
1.15 
Anal pad (mm2) 
 
5 355.35 52.78 
 
7 154.06 39.98 
 
7.550*** 
 
2.31 
Testis (mm)   5 22.38 3.07                 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001; **, P < 0.01. 
^Trait with unequal variance. 
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Table A1.12. Relative (i.e., corrected for total body length) trait values and degrees of sexual size dimorphism (SSD) in the 
common mongoose (Urva edwardsii) in India. 
  
Male 
 
Female 
        n Mean SD   n Mean SD   t   SSD (M:F) 
Mass (g) 
 
5 2.040 0.195 
 
7 1.260 0.255 
 
5.754*** 
 
1.62 
Head (mm) 
 
5 0.127 0.006 
 
7 0.132 0.009 
 
-1.141 
 
0.96 
Skull width (mm) 
 
5 0.049 0.002 
 
7 0.048 0.004 
 
0.476 
 
1.02 
T Canine (mm) 
 
5 0.494 X 10-2 0.057 X 10-2 
 
7 0.427 X 10-2 0.071 X 10-2 
 
1.728 
 
1.16 
B Canine (mm) 
 
5 0.367 X 10-2 0.033 X 10-2 
 
7 0.336 X 10-2 0.042 X 10-2 
 
1.366 
 
1.09 
Neck (mm) 
 
5 0.197 0.013 
 
6 0.183 0.011 
 
1.889 
 
1.08 
Chest (mm) 
 
5 0.257 0.013 
 
6 0.243 0.020 
 
1.333 
 
1.06 
Body (mm) 
 
5 0.558 0.015 
 
7 0.541 0.017 
 
1.790 
 
1.03 
Tail (mm) 
 
5 0.442 0.015 
 
7 0.459 0.017 
 
-1.790 
 
0.96 
Hind foot (mm) 
 
5 0.094 0.005 
 
7 0.097 0.006 
 
-0.907 
 
0.97 
Anal pad (mm2) 
 
5 0.442 0.078 
 
7 0.224 0.043 
 
6.338*** 
 
1.97 
Testis (mm)   5 0.028 0.005                 
Note: M, male; F, female; T, top; B, bottom. ***, P < 0.001. 
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Table A2.1. Degrees of sexual size dimorphism (SSD) of measured morphological traits of the small Indian 
mongoose (Urva auropunctata) using raw trait values across field sites. SSD calculated as the average male trait 
value divided by the average trait value. Traits ranked according to max difference. 
    Native   Introduced   Difference 
  
India 
 
Mauritius St. Croix Hawaii Jamaica 
 
Min Max Directiona 
	
Significantb 
Anal Pad 
 
2.71 
 
2.08 2.02 1.83 2.04 
 
0.63 0.88 - 
	
Y 
Mass 
 
1.45 
 
1.48 1.46 1.44 1.56 
 
0.01 0.11 -,+ 
	
N 
B Canine 
 
1.17 
 
1.14 1.09 1.09 1.14 
 
0.03 0.08 - 
	
N 
Chest 
 
1.18 
 
1.18 1.17 
 
1.25 
 
0.00 0.07 -,+,= 
	
N 
Tail 
 
1.14 
 
1.11 1.12 1.07 1.11 
 
0.02 0.07 - 
	
N 
T Canine 
 
1.16 
 
1.17 1.09 1.11 1.13 
 
0.01 0.07 -,+ 
	
N 
Body Length 
 
1.14 
 
1.12 1.12 1.08 1.11 
 
0.02 0.06 - 
	
N 
Head Width 
 
1.15 
 
1.09 1.13 
 
1.15 
 
0.00 0.06 -,= 
	
N 
Head 
 
1.07 
 
1.11 1.09 1.08 1.10 
 
0.01 0.04 + 
	
N 
Neck 
 
1.18 
 
1.14 1.16 
 
1.18 
 
0.00 0.04 -,= 
	
N 
Hind Foot 
 
1.14 
 
1.12 1.11 
 
1.12 
 
0.02 0.03 - 
	
N 
Body   1.13   1.13 1.12 1.11 1.11   0.00 0.02 -,= 		 N 
Note: B, bottom; T, top; Y, yes; N, no. 
aIndicates the directions of difference between the native range and different introduced range locations. 
bDetermined by the absence of overlap of 95% confidence intervals for the difference of means between the sexes 
between the native and different introduced range locations. 
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Table A2.2. Degrees of sexual size dimorphism (SSD) of measured morphological traits of the small Indian 
mongoose (Urva auropunctata) using relative (i.e., corrected for total body length) trait values across field sites. 
SSD calculated as the average male trait value divided by the average female trait value. Traits ranked according to 
max difference. 
    Native   Introduced   Difference     
  
India 
 
Mauritius St. Croix Hawaii Jamaica 
 
Min Max Directiona 
 
Significantb 
Anal Pad 
 
2.38 
 
1.84 1.77 1.68 1.84 
 
0.54 0.70 - 
 
Y 
Mass 
 
1.28 
 
1.32 1.30 1.32 1.41 
 
0.02 0.13 + 
 
N 
Chest 
 
1.04 
 
1.05 1.05 
 
1.12 
 
0.01 0.08 + 
 
N 
B Canine  1.05  1.00 0.99 1.01 1.03  0.02 0.06 -  N 
Head Width 
 
1.02 
 
0.96 1.02 
 
1.04 
 
0.00 0.06 -,=,+ 
 
N 
Head 
 
0.94 
 
0.99 0.99 0.99 0.99 
 
0.05 0.05 + 
 
N 
Neck 
 
1.04 
 
1.01 1.04 
 
1.06 
 
0.00 0.03 -,=,+ 
 
N 
T Canine  1.02  1.04 0.99 1.03 1.02  0.00 0.03 -,=,+  N 
Tail 
 
1.00 
 
0.99 0.99 0.98 1.00 
 
0.00 0.02 -,= 
 
N 
Body 
 
1.00 
 
1.01 1.01 1.01 1.00 
 
0.00 0.01 =,+ 
 
N 
Hind Foot   1.00   0.99 1.00   1.01   0.00 0.01 -,=,+   N 
Note: B, bottom; T, top; Y, yes; N, no. 
aIndicates the directions of difference between the native range and different introduced range locations. 
bDetermined by the absence of overlap of 95% confidence intervals for the difference of means between the sexes 
between the native and different introduced range locations. 
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Table A3.1. Comparisons of raw mean trait values of male small Indian mongooses (Urva auropunctata) across locations. See 
Figure A1 for post-hoc, pair-wise analyses between locations. 
    Native   Introduced     
    India   Mauritius St. Croix Hawaii Jamaica   F 
Mass (g) 
 
559.48 
 
691.57 618.28 618.67 693.33 
 
11.360*** 
Head (mm) 
 
81.35 
 
85.06 83.06 67.83 82.47 
 
11.941*** 
Head width (mm) 
 
29.95 
 
33.00 31.53 
 
33.58 
 
25.735*** 
T Canine (mm) 
 
2.92 
 
3.00 2.90 3.02 2.99 
 
3.559** 
B Canine (mm) 
 
2.21 
 
2.04 1.99 2.89 2.08 
 
243.647*** 
Neck (mm) 
 
112.91 
 
123.69 117.68 
 
122.33 
 
8.864*** 
Chest (mm) 
 
140.44 
 
161.06 151.30 
 
162.10 
 
21.794*** 
Body (mm) 
 
338.17 
 
345.75 342.38 343.03 360.40 
 
8.523*** 
Tail (mm) 
 
239.74 
 
251.63 253.83 248.55 266.50 
 
14.876*** 
Total Length (mm) 
 
577.91 
 
597.38 596.21 590.55 626.90 
 
13.380*** 
 Hind foot (mm) 
 
49.88 
 
62.00 61.85 
 
61.10 
 
249.990*** 
Anal pad (mm2) 
 
208.64 
 
168.42 149.18 142.23 148.44 
 
19.494*** 
Testis (mm)   12.94   16.25 15.00   15.98   12.640*** 
***, P < 0.001; **, P < 0.01. 
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Table A3.2. Comparisons of raw mean trait values of female small Indian mongooses (Urva auropunctata) across locations. See 
Figure A1 for post-hoc, pair-wise analyses between locations. 
    Native   Introduced     
    India   Mauritius St. Croix Hawaii Jamaica   F 
Mass (g) 
 
385.00 
 
467.95 430.18 430.58 443.64 
 
4.572** 
Head (mm) 
 
75.79 
 
76.50 76.18 63.10 75.32 
 
0.530 
Head width (mm) 
 
25.96 
 
30.30 27.99 
 
29.33 
 
35.884*** 
T Canine (mm) 
 
2.52 
 
2.57 2.66 2.73 2.64 
 
4.198** 
B Canine (mm) 
 
1.88 
 
1.79 1.82 2.63 1.82 
 
130.721*** 
Neck (mm) 
 
95.42 
 
108.64 101.82 
 
103.77 
 
13.908*** 
Chest (mm) 
 
118.90 
 
136.36 129.61 
 
130.18 
 
10.866*** 
Body (mm) 
 
298.11 
 
305.41 307.29 309.17 323.91 
 
7.906*** 
Tail (mm) 
 
213.22 
 
225.95 230.50 231.44 240.00 
 
9.996*** 
Total Length (mm) 
 
512.06 
 
531.36 537.79 546.29 563.91 
 
16.630*** 
 Hind foot (mm) 
 
43.58 
 
55.55 55.71 
 
54.55 
 
190.709*** 
Anal pad (mm2)   76.99   81.14 76.04 77.85 72.76   0.889 
***, P < 0.001; **, P < 0.01. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
149 
Table A3.3. Comparisons of relative (i.e., corrected for total body length) mean trait values of male small Indian mongooses 
(Urva auropunctata) across locations. See Figure A1 for post-hoc, pair-wise analyses between locations. 
    Native   Introduced     
    India   Mauritius St. Croix Hawaii Jamaica   F 
Mass (g) 
 
0.967 
 
1.156 1.036 1.046 1.106 
 
7.333*** 
Head (mm) 
 
0.141 
 
0.142 0.140 0.115 0.132 
 
10.018*** 
Head width (mm) 
 
0.052 
 
0.055 0.053 
 
0.054 
 
5.307** 
T Canine (mm) 
 
0.502 X 10-2 
 
0.503 X 10-2 0.489 X 10-2 0.513 X 10-2 0.477 X 10-2 
 
8.411*** 
B Canine (mm) 
 
0.381 X 10-2 
 
0.338 X 10-2 0.335 X 10-2 0.493 X 10-2 0.332 X 10-2 
 
166.783*** 
Neck (mm) 
 
0.195 
 
0.207 0.198 
 
0.195 
 
3.111* 
Chest (mm) 
 
0.243 
 
0.700 0.254 
 
0.259 
 
6.586*** 
Body (mm) 
 
0.585 
 
0.579 0.575 0.579 0.575 
 
3.808** 
Tail (mm) 
 
0.415 
 
0.421 0.425 0.421 0.425 
 
3.808** 
 Hind foot (mm) 
 
0.086 
 
0.104 0.104 
 
0.098 
 
69.508*** 
Anal pad (mm2) 
 
0.364 
 
0.282 0.249 0.242 0.237 
 
26.311*** 
Testis (mm)   0.022   0.027 0.025   0.026   7.428*** 
***, P < 0.001; **, P < 0.01; *, P < 0.05. 
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Table A3.4. Comparisons of relative (i.e., corrected for total body length) mean trait values of female small Indian mongooses 
(Urva auropunctata) across locations. See Figure A1 for post-hoc, pair-wise analyses between locations. 
    Native   Introduced     
    India   Mauritius St. Croix Hawaii Jamaica   F 
Mass (g) 
 
0.758 
 
0.877 0.799 0.798 0.786 
 
3.766** 
Head (mm) 
 
0.150 
 
0.133 0.142 0.117 0.133 
 
17.217*** 
Head width (mm) 
 
0.048 
 
0.057 0.052 
 
0.052 
 
29.804*** 
T Canine (mm) 
 
0.494 X 10-2 
 
0.484 X 10-2 0.496 X 10-2 0.498 X 10-2 0.467 X 10-2 
 
2.909* 
B Canine (mm) 
 
0.368 X 10-2 
 
0.337 X 10-2 0.337 X 10-2 0.487 X 10-2 0.323 X 10-2 
 
97.291*** 
Neck (mm) 
 
0.188 
 
0.204 0.190 
 
0.184 
 
15.906*** 
Chest (mm) 
 
0.234 
 
0.256 0.241 
 
0.231 
 
11.435*** 
Body (mm) 
 
0.584 
 
0.575 0.571 0.572 0.574 
 
1.722 
Tail (mm) 
 
0.416 
 
0.425 0.429 0.428 0.426 
 
1.722 
 Hind foot (mm) 
 
0.086 
 
0.105 0.104 
 
0.097 
 
92.927*** 
Anal pad (mm2)   0.151   0.153 0.141 0.144 0.129   2.330 
***, P < 0.001; **, P < 0.01; *, P < 0.05. 
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Table A4. Color classification of male and female small Indian mongoose (Urva auropunctata) anal 
glands. Colors: Brown (any shade of brown), Other (shades of white or yellow, or glands that were 
empty), or Mix (one brown gland and one other gland). Males and females differ significantly about 
the color of their anal gland contents (chi squared = 84.52, df = 1, P < 0.001; individuals in the Mix 
row were separated evenly into the Brown and Other rows). 
  Color   Hawaii Jamaica Mauritius St. Croix   Total 
Male 
Brown 
 
3 7 3 17 
 
30 
Other 
 
18 15 10 25 
 
68 
Mix 
 
4 7 3 6 
 
20 
         
Female 
Brown 
 
19 21 22 24 
 
86 
Other 
 
0 1 0 0 
 
1 
Mix   0 0 0 4   4 
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Figure A1. Comparisons of raw and relative (i.e., corrected for total body length) trait values of male (blue) and female (red) small 
Indian mongooses (Urva auropunctata) across locations. Circles represent the average (± S.E.) for each location. Letter differences 
correspond to comparisons where P < 0.05. Locations ordered in time passed since introduction out of India. 
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Figure A1 cont. Comparisons of raw and relative (i.e., corrected for total body length) trait values of male (blue) and female (red) 
small Indian mongooses (Urva auropunctata) across locations. Circles represent the average (± S.E.) for each location. Letter 
differences correspond to comparisons where P < 0.05. Locations ordered in time passed since introduction out of India. 
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Figure A1 cont. Comparisons of raw and relative (i.e., corrected for total body length) trait values of male (blue) and female (red) 
small Indian mongooses (Urva auropunctata) across locations. Circles represent the average (± S.E.) for each location. Letter 
differences correspond to comparisons where P < 0.05. Locations ordered in time passed since introduction out of India. 
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Figure A2. Positive relationship between testis length and mass of male small Indian mongooses 
(Urva auropunctata) on St. Croix. Values in parentheses represent standard deviations. 
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APPENDIX B 
A pilot study investigating intersexual responses to male and female anal gland contents in 
the small Indian mongoose (Urva auropunctata) 
 
BACKGROUND 
Mammalian scent marking is most often associated with the demarcation of an individual’s 
territory; however, much research has demonstrated its importance in the advertisement of 
individual status, health, quality, and condition (Rich and Hurst 1998; Gosling and Roberts 
2001). Females may mark to advertise their sexual receptivity status, and males may use marks 
both for intrasexual competition and intersexual advertisement (Johansson and Jones 2007). The 
small Indian mongoose (Urva auropunctata, formerly Herpestes auropunctatus, hereafter 
mongoose) is known as a prolific scent marker (Gorman et al. 1974; Gorman 1976a; Nellis and 
Everard 1983), and their solitary and non-territorial nature (Schneider and Kappeler 2014; 
Chapter 1; Chapter 2), together with strong indirect evidence (Owen and Lahti 2015, Chapter 3; 
Chapter 2; Chapter 4) suggest that scent marking functions as a sexual advertisement, at least in 
males. Yet to be investigated, however, are the intended recipient(s) of both male and female 
scent marking, and the extent to which these signals influence mate choice decisions.  
Here I present the results of a pilot study aimed at deepening our understanding of the 
mongoose’s scent marking behavior. I placed unfamiliar male and female anal gland contents 
either directly onto the substrate or inside of a closed trap, a “scent station,” and recorded 
individual responses to each scent station using trail cameras. Specifically, I was looking to 
determine intersexual differences in investigative behaviors (i.e., being in close proximity to, 
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sniffing, touching, or marking the stations) to different sexes’ scents. These differences might 
lend insight into the function of male and female scent marking.  
 
METHODS 
Stimuli collection 
Between June 30th and July 21st, 2015, mongooses were trapped from five locations on the island 
of St. Croix. These locations included forested areas near paved roads, scrubland adjacent to the 
coast, and the coastline. Individuals were sacrificed in the field, and then morphological 
measurements were collected in the laboratory for the study of Chapter 4. Additionally collected 
were the anal gland contents of each individual. After removal of the glands, their contents were 
expressed into 2 ml screw-cap cryo-tubes and were immediately placed in a -20 C freezer. 
 
Test subjects 
To determine if the responses to scent stations were influenced by sex, size, or condition, 
individuals from a new location, Sandy Point National Wildlife Refuge, were trapped, marked, 
and released from July 10th to the 18th. 
Twenty-four mongooses were trapped and partially anesthetized with a 0.2 ml/kg 
intramuscular injection of Ketamine (Kreeger 1996; Podgórski et al. 2013). Age class, sex, mass, 
and total body length were recorded. Patches of hair were removed from the tail and body to 
identify the individual in the field. One to four rings of hair were shaved at the base of the tail to 
be counted as numbers 1-4, the tip of the tail was counted as a 5, a horizontal patch across the 
shoulders was the 10’s place and a horizontal shaving across the center of the back was the 20’s 
place. For example, a shave across the shoulders (10), plus a shaved tail tip (5), plus four rings 
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shaved at the base of the tail (4) would signify mongoose number 19. Individuals were placed 
back in traps until fully recovered and then released at the point of capture. 
 
Experiment design 
From July 22nd to August 2nd, male, female, or control (water) scent stations were created within 
the area of Sandy Point National Wildlife Refuge where the marked mongooses had been 
released. Each day at dawn, one male and one female scent station were placed approximately 
200 meters apart. For the first two days, a scent station consisted of a rock found within the area 
with the entire contents of a sacrificed mongoose’s anal gland (i.e., the entire vial) spread onto 
the center of the rock using a spatula. No attempt was made to control for the amount of volume 
at each scent station as consistencies and volumes of individual anal gland contents varied 
greatly. Except for one scent station (see below), only those anal gland contents that were dark 
brown in color were used, as this is the color described in the literature (that I was aware of at the 
time) (Gorman et al. 1974; Gorman 1976a), and because previous research suggested that other 
colors might be related to infection (Owen and Lahti 2015, Chapter 3). On the penultimate day, 
three control stations were prepared, and on the final day, two control scent stations and one 
scent station using a male’s buttery, yellow-colored anal gland contents were prepared. The anal 
gland contents were thawed prior to application. Due to the limited response to these rock scent 
stations, for the final 10 days of the experiment a scent station consisted of a closed trap with the 
anal gland contents applied to a piece of gauze that hung inside the trap. This elevation of the 
stimuli was an attempt to increase the detection of the scent (Sharpe 2015). For each scent 
station, two to three motion-sensing trail cameras were fastened to nearby trees with one camera 
hanging directly above the station. Trail cameras were set to record 90-second videos after being 
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triggered. Each morning, the scent stations were moved to a different location, and the traps used 
to house the gauze were replaced with clean ones. 
 
Behaviors coded 
Using the program JWatcher, I recorded the following behaviors: the amount of time the 
individual spent (1) within 15 cm of the scent station (a 15 cm circle around the station was 
drawn in the soil), (2) sniffing the station, (3) touching the station, and (4) being vigilant (head 
up, not walking or performing any other behaviors), and the number of times the individual 
marked an object (either the scent station or surrounding substrate) using their anal pad.  
 
Analyses 
Due to the low response to the scent stations, few analyses were conducted. A chi-squared 
analysis was used to investigate intersexual differences in visitation to male and female scent 
stations. 
 
RESULTS 
General 
Over the 12-day testing period where cameras were operational for roughly 22 hours a day 
(approximately 10 hours of daylight), only 33, 90-second videos were recorded where a 
mongoose was visible for at least one second. Across all videos, mongooses were visible for 967 
seconds. Of these videos, only 11 included individuals that had been marked, and these marked 
individuals only constituted five different mongooses, i.e., several marked individuals were 
found in multiple videos. Only a single mongoose was seen in a video at one time, and only on 
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three occasions could it be confirmed that multiple different individuals visited the same scent 
station in a day. 
  
Behavioral description  
In general, very little response to scent stations baited with the brown colored or control scent 
was found (Table B1). When mongooses were found on videos, they spent little time 
investigating the station. Often they would walk by the station, investigate it for a few seconds, 
sometimes with a few sniffing motions, then walk away. This low response does not allow for 
quantitative comparisons between sexes and between scent stations. Anecdotally, however, 
ignoring individual identity, the amount of time each behavior was performed was longer when 
the investigator was of the opposite sex to that of the owner of the scent than when they were of 
the same sex. Additionally, of the 17 total scent marks recorded at these scent stations, 13 were 
placed when the marker was of the opposite sex to the owner of the scent, two were placed by 
the same male at a male scent station, and the remaining two were placed by a female at a control 
station. There was no intersexual difference between visitation of scent stations: eight females 
and three males visited male scent stations and six females and five males visited female scent 
stations (chi-squared = 0.786, df =1, P > 0.05). Five videos showed females visiting control 
stations.  
 The largest response came from a single female investigating the yellow-colored male 
scent. This female spent more time sniffing the station than all other females sniffing male scents 
combined (n = 8), and spent 90% as much time within 15 cm of the station as all other females 
combined. This female also anal marked the area 11 times, whereas all other females only scent 
marked male scent stations nine times. 
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Table B1. Investigative responses to conspecific anal gland contents in the small Indian 
mongoose (Urva auropunctata) in St. Croix. 
  Sex   Time (s)   Count 
ID Investigator Anal Gland   c s t v   m mt 
18 Female Female 
 
10.42 2.15 
 
7.24 
   
 
Female Female 
 
8.20 3.37 
 
4.29 
   
 
Female Female 
 
7.80 4.46 
 
9.84 
   
 
Female Female 
 
3.44 1.62 
     
 
Female Female 
 
2.46 
  
5.65 
   
 
Female Female 
 
16.69 8.63 
 
3.15 
   
  
Average 
 
8.17 4.05 
 
6.03 
   12 Male Female   4.87 2.92           
12 Male Female 
 
54.92 26.06 
 
51.20 
 
1 1 
21 Male Female 
 
3.56 1.70 
 
2.07 
 
1 
 21 Male Female 
 
24.33 11.87 
 
24.02 
 
1 
 21 Male Female 
 
2.46 
  
7.24 
   
  
Average 
 
18.03 10.64 
 
21.13 
   6 Female Male   1.47     0.93   1   
18 Female Male 
 
26.00 15.86 
 
12.43 
 
1 1 
 
Female Male 
    
1.57 
   
 
Female Male 
 
3.51 2.45 
 
2.97 
   
 
Female Male 
 
6.64 5.41 
 
3.37 
   
 
Female Male 
 
43.04 34.55 
 
12.89 
   
 
Female Male 
 
78.89 46.47 
 
25.73 
 
1 3 
 
Female Male 
 
5.78 0.36 
 
6.40 
 
1 1 
  
Average 
 
23.62 17.52 
 
8.28 
   7 Male Male   26.20 22.29 8.77 2.26   1 1 
12 Male Male 
 
1.83 1.35 
     21 Male Male 
 
2.01 
 
1.22 1.34 
   
  
Average 
 
10.01 11.82 5.00 1.80 
     Female Control   6.82 1.37   9.28       
 
Female Control 
 
2.52 
      
 
Female Control 
 
5.18 1.22 
     
 
Female Control 
 
9.18 3.05 
   
1 1 
 
Female Control 
 
19.11 9.15 
 
11.64 
   
  
Average 
 
8.56 3.70 
 
10.46 
     Female Yellow   194.35 130.83 12.57 61.82   7 4 
Note: c, within 15 cm of stimuli; s, sniffing the stimuli; t, touching the stimuli; v, being 
vigilant (stationary looking up or away from stimuli); m, anal mark on substrate; mt, 
anal mark on the stimuli 
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DISCUSSION 
The results of this pilot study provide little additional insight into the function of scent marking 
in the small Indian mongoose. Of the roughly 120 hours of daylight that cameras were active, the 
scent stations only elicited 16 minutes and seven seconds of mongoose activity, of which only 
nine minutes and 30 seconds were mongooses in close proximity to the scent station. Similar 
exploratory videos of traps baited with food (i.e., chicken wings) elicited much stronger 
responses (B. Hoagland, unpublished). Moreover, in just 203 trap days, 82 mongooses were 
captured in traps baited with food. In preliminary trials of traps baited with scent (scent applied 
to gauze hanging inside an open trap), no mongooses entered the trap; instead, individuals would 
investigate the stimulus from outside the trap.  
Chapter 4 suggests that the utility of scent marking in mongooses has diminished since 
introduction, and a lack of interest in the scent of conspecifics in St. Croix is an expectation of 
this situation. Few mongooses showed interest in scent stations above a general curiosity of a 
foreign object (i.e., the trap or camera). Nevertheless, when individuals spent more than a few 
seconds near the stimulus, they were usually of a different sex than the owner of the scent. Thus, 
a purely speculative explanation is that historically both sexes used anal gland scent marking as a 
form of intersexual advertisement, but the relaxation of selection on scent marking has led to a 
reduced behavioral response.  
However, other similarly stipulative explanations exist. For example, previous studies 
have documented that peak breeding occurs during July and August (Pearson and Baldwin 1953; 
Gorman 1976b; Nellis and Everard 1983). In addition, anecdotal evidence from tame individuals 
suggest that females in oestrus increase their marking frequency and that males find these marks 
to be “very interesting” (Nellis and Everard 1983). Thus, perhaps the reason few females 
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attended to the scent stations was because they were not in a physiological state to reproduce, 
and thus were not interested in male scent. Moreover, while no anal gland contents of pregnant 
females were used as stimuli, I could not know if these females were nursing or weaning. Thus, 
if the females whose anal gland contents were used as stimuli were nursing or weaning, their 
anal gland contents may have contained that information, explaining males’ disinterest in female 
scent stations. 
Another explanation for the results of this pilot study is its design. Too few mongooses 
were marked prior to the placement of the scent stations, and consequently, my ability to identify 
individuals on the trail cameras was low. Further, only two scent stations were placed each day, 
with the exception of the final two days, where three control stations were set one day, and then 
two control stations and the yellow-colored male station the next. This limited the opportunity 
that mongooses would encounter the foreign scent. This may also lend insight into the limits of 
the spatial distance by which this form of communication is effective. Additionally, the volume 
of anal gland contents placed at each scent station was not only not controlled across stations, but 
it was most certainly a much higher volume of scent than what would be placed on the substrate 
by a mongoose. Perhaps, rather than being a super-normal stimulus, the large concentration of 
scent created an abnormal chemical signal that mongooses did not recognize as conspecific. 
Finally, my selection of male anal gland contents to be used as stimuli most certainly 
played a role in the lack of response. As Chapter 1 and Owen and Lahti (2015, Chapter 3) note, 
and as Table A4 demonstrates, sexual dimorphism exists in the color of anal gland contents: 
while both sexes have been documented to possess anal gland content colors ranging from white 
to cream to light brown and dark brown, females tend to possess a dark brown paste as described 
by Gorman et al. (1974) whereas males tend to possess a “cream-colored, cheesy” paste as 
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described by Baldwin et al. (1952). Owen and Lahti (2015, Chapter 3) and Chapter 1 suggest that 
the white and yellow colored scents might be the result of anal sac (gland) disease, a condition 
experienced by cats and dogs due to the impaction (i.e., clogging) of the duct through which 
gland contents are expressed. However, the one scent station using the yellow-colored anal gland 
contents of a male elicited, by far, the strongest response of any other scent station. One female 
spent more time sniffing and marked this station more than all other females visiting male scent 
stations combined. The reproductive state of this female, or of any other female on trail cameras, 
was not known, so perhaps this female was merely in estrus and would have behaved similarly to 
the other male scent stations that only used brown anal gland contents. However, the marked 
difference in this female’s response to yellow-colored scent compared to other females’ response 
to brown scent suggests otherwise. Gorman et al. (1974) and Gorman (1976a) found that while 
both sexes’ anal glands contain the same suite of saturated carboxylic acids produced as 
byproducts of bacterial action, individuals differ both within and between sexes in their relative 
concentrations of these acids. Perhaps these different profiles translate to different colors. On the 
other hand, Gorman et al. (1974) describe the color of anal gland contents to be dark brown, and 
they make no mention of other colors.  
Clearly much information remains unknown regarding the scent marking behavior of the 
small Indian mongoose. Physiological, histological, and behavioral studies are needed to more 
fully understand this behavior. These studies ideally should be conducted in the mongoose’s 
native range as the marked change in encounter rate and social interaction in the introduced 
range may have changed both the utility and use of this form of communication (Chapter 4). Roy 
et al. (2006, 2015) showed a higher trapping success of the invasive American mink (Neovision 
vision) with traps baited with commercial mink scent lures than those baited with food. Some 
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researchers have suggested the utilization of similar chemical lures as a possibility to increase 
trapping success for mongooses where they are invasive (Ogura et al. 2000; Barun et al. 2011; 
Pitt et al. 2015). The results of this pilot study, however, suggest that this is may not be a fruitful 
endeavor.  
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APPENDIX C 
Additional research questions and projects of the small Indian mongoose (Urva 
auropunctata) 
 
I. Identification of and relaxed selection on antihemorrhagic (i.e., anti-venom) proteins  
Several mongoose species prey upon venomous snakes, and some species are known to possess 
mechanisms that combat the physiological effects of snake venom (Voss and Jansa 2012). One 
such species is the grey mongoose (Urva edwardsii), which shares much of its native range with 
the small Indian mongoose (U. auropunctata, formerly Herpestes auropunctatus). Three proteins 
shown to neutralize the hemorrhagic activity of venom from the habu viper (Trimeresurus 
flavoviridis) have been identified and isolated from the grey mongoose’s serum (Tomihara et al. 
1987; Qi et al. 1994; Qi et al. 1995). Whether the small Indian mongoose possesses similar 
antihemorrhagic proteins has yet to be investigated, but their sympatry and close phylogenetic 
relationship with grey mongooses suggest such an investigation would reveal promising results. 
 If the small Indian mongoose does possess antihemorrhagic proteins, an interesting 
evolutionary investigation would be to study the fate of these proteins as well as their 
corresponding genes in the small Indian mongoose’s introduced range as no venomous snakes 
are present in the vast majority of these locations. Thus, if these proteins are costly to produce, 
we might expect a change in protein conformation or expression, or even in the genes themselves 
(Lahti et al. 2009). I have collected tissue (ear punch) from each field site where I have studied 
mongooses. Thus I could compare these samples to look for any protein or genetic change. At 
present, neither the genes nor the full amino acid chain of these proteins have been sequenced, so 
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an initial project would be to investigate these two issues. Once sequenced, I could compare 
samples across field sites. 
 
II. Effects of the lack of a Y chromosome  
The small Indian mongoose does not have a Y chromosome (Fredga 1965). Instead, the genes on 
the Y chromosome have translocated to the X1 chromosome, and this karyotypical sexual 
dimorphism has likely evolved twice independently in the Herpestidae family (Murata et al. 
2016). While rare, my colleague, Buzz Hoagland, and I have observed fully-grown, adult males 
(large canines and mass) with very small testicles. Buzz postulated that perhaps these males were 
XX(Y). An interesting investigation could be to karyotype these individuals, as well as 
investigate any behavioral or physiological differences between them and XX females and X(Y) 
males 
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